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PREFACE 



The author's endeavour to treat, in an easily appre- 
hended style, upon another branch of the Electro- 
metallurgic art ("Electro-Plating"), has received so 
much encouragement that he has been induced to 
offer the present handbook as a companion volume, 
in the belief that it will meet a want of considerable 
extent. 

The distinct art of electro-typing has, within the 
last few years, advanced with such wonderful 
rapidity that it is now practised as an imp6rtant 
auxiliary in industries of the most varied descrip- 
tion. The particular methods employed in the 
processes ten years ago may now be considered 
in great part obsolete, improved systems having 
superseded them. This small treatise is therefore 
intended to serve as a guide, not only to beginners 
in the art, but to those who still practise the 
old and imperfect methods of electro-typing ; it 
aims also at preparing the Way for a thorough 
scientific study of the art, if such be considered 
necessary for its successful prosecution. 
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The introduction of cheaper electrical generators, 
in the form of dynamo-electric machines, driven by- 
steam-power, has brought about many of the 
changes above alluded to. The Americans have 
exhibited great enterprise of late years in cheapen- 
ing every detail of the process, which English 
electrotypers have not been slow to appreciate, 
adding to both speed of working and excellence ot 
the products ; but on the Continent, especially in 
Germany, the art is as yet in a backward state. 

In the following pages special prominence has 
been given to the production of printing electro- 
types, and to the reproduction of art work. An 
endeavour has been made to grasp the fundamental 
principles of the art ; an earnest attempt has been 
made to induce the reader to take some interest in 
the scientific basis of the processes, by giving 
practical examples of the use he can make of the 
oft-misunderstood and generally confusing laws of 
electro-chemical science. 

The first chapter of the book is in great part 
occupied by explanations of the leading electrical 
laws, and their relation to the chemical compounds 
th be subjected to electrolysis. An endeavour 
has been made to reduce the terms, "current of 
electricity,*' "amount of deposit," and so forth, 
to some real and easily apprehended meaning, in 
order that the reader may be able to attach prac- 
tical significance to the current he is using, and 
reconcile its amount with the weight of copper he 
can obtain. Some little acquaintance with chemistry 
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on the reader's part has been assumed, but of elec- 
tricity he is supposed to know little or nothing ; he 
will, however, derive great benefit from a careful 
perusal of the electrical laws in some good text-book. 
The second and following chapters of the work 
are devoted to instructions to the operator, with a 
special bearing upon ordinary requirements. The 
use of the dynamo-electric machine is explained at 
length. The description of apparatus employed by 
the electrotyper has received careful attention ; the 
materials now usually found best suited to the 
different sections of the art are described ; the 
preparation of work for the depositing process is 
treated at considerable length, and the process 
itself has been carefully detailed in Chapter VIII. 
The work is thus arranged in ten chapters, one 
division being devoted to each important section of 
the art : the divisional paragraphs, when they open 
a new portion of the subject, are furnished with 
italicised headings. 

LONDON, 1 88 1. 
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; CHAPTER I. 

•I 

{ Introduction to the Art. 

The electro-depositor's art is so widely dissemi- 
nated over numerous modem industries, that to 
give a concise and comprehensive definition of 
the compound term electro-typing is rather diffi- 
cult. Its general significance, however, may be 
understood to imply the production of mefallic copies 
and duplicates of objects by means of electricity. 

Thus, an electrotype of a wood engraving con- 
sists of a metallic duplicate, accurate in every 
detail. It possesses the additional advantage of 
being better adapted to printing purposes than the 
original. 

An electrotype of a plaster bust, or a bird, or a 
fish, forms an accurate metallic reproduction of the 
original, rigid, and indeed everlasting. 

In some important respects the products of 
this fascinating and beautifiil art resemble the 
results of photography ; every line, excellent fea- 
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ture and defect, is reproduced with a faithfulness 
almost surpassing belief. From the nearly invisible 
lines of the finest steel engraving to the boldest 
contour of a statue, the electrot3rpe is throughout an 
exact and unmistakable reproduction. 

Copper is the metal almost universally employed 
in the production bf electrotypes. It is cheap, 
ductile, strong, and flexible, and is admirably 
adapted for printing purposes in many cases 
where various other metals and wood are inad- 
missible. It also presents an agreeable and attrac- 
tive appearance in art reproductions. Electro- 
typed printing surfaces may be, and frequently are, 
so protected from the effects of wear, by means of 
a thin and hard facing of iron, brass, or nickel, that 
they may be made to yield as many as from ten to 
twenty thousand impressions. The " steel face," 
or its remains, may, moreover, be dissolved off, and 
the process repeated without loss of sharpness or 
injury to the original ; in this manner the printing 
electrotype maybe made infinitely more useful than 
the prototype itself. 

Engraved steel plates are not now, owing to 
their great value, used generally in printing; 
electrotypes, steel-faced, are taken of them and 
employed in the printing process. Wood blocks of 
value are similarly treated. Set-up type is fre- 
quently in Europe, and almost universally in 
America, copied in electrotype, instead of by 
means of stereotyping, the old casting process. 
Any number of copies of one object or plate, either 
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from the original or from an electrotype, can be 
obtained. Bank-notes, postage stamps, bill-heads, 
illustrated newspapers, playing cards, grocers' 
wrapping papers, maps, and numerous other kinds 
of printing work are executed from electrotype 
plates. 

In the domain of art the applications of the 
electrotype are no less widespread. It is employed 
to produce copies of the smallest medals, casts, and 
coins ; its application to the production of gigantic 
statues and ornaments may be inspected in almost 
every public recreation ground ; and in great per- 
fection on the celebrated Albert Memorial, in 
Hyde Park. It is almost impossible, and its ac- 
complishment would prove of little use, to detail 
the numberless applications of the art ; they are 
legion, and may be said to be enormously aug- 
mented in *humbers yearly. 

Having thus obtained an outline conception 
of the field in which the electro-typer's art is 
utilised, it will prove instructive to briefly ex- 
amine the main manipulatory features and forces 
necessarily employed in its general practice. It 
will be well to premise, however, that electro- 
typing and electro-plating are very closely re- 
lated to each other; indeed, one is often classed 
with the other. They are both deposits of metals 
laid in position by means of electricity, but except 
in this main particular their application lies in 
totally different fields. To electro-plate is to dis- 
guise with an adherent thin coating of metal, which 
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then serves as an ornamental covering to the object 
treated. To electrotype, on the other hand, is to 
produce a separate and distinct object, with an 
existence of its own. The following 26 pages are 
exclusively devoted to a comprehensive discussion 
of the chief conditions under which the electro- 
depositor's art is practised. This section of the 
Avork is intended to serve as an introductory 
lesson, in which the fundamental laws of the 
science, as applicable specially to the production 
of electrotypes, are laid down and defined. It will 
well repay the student to give it careful attention, 
with reference, where necessary, to works on elec- 
tricity; no difiiculty will afterwards be encoun- 
tered, because the remaining chapters refer chiefly 
to the apparatus and manipulation by means of 
which these primary principles are utilised. 

A condensed outline of the Art, — ^This must be 
accepted merely as an outline sketch, to assist the 
reader to a more intelligent understanding of the 
principles laid down further on. Let us, for ex- 
ample, select an engraved block from which an 
electrotype is required. The block is first rubbed 
gently all over its surface with fine^ powdered 
plumbago, which gives a polish and prevents 
" seizing " in the moulding process ; and it is 
afterwards blown upon with the breath to free it 
from dust. A frame of sufficient size is now filled 
up level with a hot melted mixture of the following 
ingredients : — Bees'-wax, Venice turpentine, and 
blacklead. This is to form the mould, which is 
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placed directly over the wood block on the level 
table of a press, when both are forced together with 
considerable pressure. A little care will now enable 
the mould and block to be separated. The mould 
contains a perfect copy of the block reversed. The 
next process has for its object the provision of a 
conducting surface for the mould, so that it may 
conduct the current of electricity sufficiently well 
to allow of deposition being proceedediwith. This 
is done by carefully brushing ftlurSpago over 
its surface with soft brushes until a uniform 
polished film is produced ; this conducting surface 
is so spread as to allow of the copper being de- 
posited all over the mould. Those portions which 
should not receive a deposit are " blocked out *' by 
varnish. The mould is now hung in a vessel 
containing an acidulated solution of sulphate of 
copper. A wire from the negative pole of a gal- 
vanic battery is attached to it, while the positive 
pole is connected with a copper plate, termed 
the anode. 

Deposition of copper upon the mould immediately 
commences, beginning at the edges and advancing 
towards the centre. When a sufficient thickness of 
"shell" is obtained, which may take a few days 
to accomplish, the mould is removed, heated, and 
separated from the "shell." The surface of this 
electro-deposit is found to be in every respect a 
duplicate of the original block, but it is yet too 
weak for printing purposes. It is tinned and backed 
with a layer of an alloy of lead and tin, squared, 
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planed flat, and finally mounted upon a wooden 
block, type high. It may now be printed from. 

Such is the mere routine of the process, as 
applicable to common wood blocks, which would 
not prove of material assistance to the reader 
were he to try the experiment and ignore the 
details upon which the success of the operation 
mainly depends. 

To gain a mastery over the principles of the art, 
the reader must devote his earnest attention to 
obtain a correct understanding of the action electri- 
city exhibits in its operation; he should also be 
acquainted with the best methods by which electri- 
city may be obtained ; and must particularly be 
familiar with the use of currents and the mani- 
pulation of galvanic apparatus. The different 
processes of moulding and preparing he will find 
comparatively easy, which may also be said of the 
final preparatory or finishing process. Each im- 
portant section of the entire process will be 
found under the different heads, as complete as 
possible in itself, the more important being dis- 
cussed first. A slight knowledge of chemistry on 
the part of the reader will prove of much assist- 
ance. 

Nomenclature of the Art. — The fundamental 
principle of electro-deposition may be laid down 
as follows : — ^When a current of electricity passes 
through a solution, as of cupric sulphate, it pro- 
duces a chemical change; the solution is decomposed^ 
and the copper set free. This will be more fully 
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explained hereafter ; at present we are concerned 
with the terms employed to indicate the nature of 
the conditions necessary in electro-chemical de- 
composition. The nomenclature Faraday employed 
is as follows : — Electrolysis (from elektroriy and lysis^ 
a disengaging) is used to designate that branch of 
electrical, science which treats of the laws of 
electro-chemical decomposition; it includes, of 
course, the science of electro-metallurgy. A sub- 
stance capable of being decomposed by a current 
of electricity is called an Electrolyte (that which 
is unbound by electricity). The poles, or wires 
and plates, by which the current enters and leaves 
the solution are called Electrodes (from Aodos^ a wa,y). 
The positive pole (-h), or that by which the cur- 
rent enters the solution, is termed the Anode [anUy up, 
and hodosy a way). The negative pole (— ), or that by 
which the current leaves the solution, is called the 
Cathode [katUy down, and kodoSy a way). The elements 
of the solution (electrolyte) set free by the current 
are termed Ions (from ion^ going). Those of the 
elements which appear at the anode are called 
AnionSy and those set free at the cathode are called 
Cations. The word electrolyse signifies to decom- 
pose by means of a current of electricity. 

The Electric Circuit. — Apart from any knowledge 
of the battery by which the electric current is pro- 
duced, it should be clearly established in the 
student's mind that the current must, from its 
nature, always move in a circuit ; this signifies that 
no electricity can pass through a wire or other 
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conductor which does not offer a complete and 
unbroken path. By some the word circuit is taken 
to signify that electricity which leaves a battery 
must always have a path provided for its return to 
the battery. The fact is, that no electrical effects 
can be obtained in. a circuit which is incomplete. 

CondtLctors and Insulators. — The properties of all 
classes of conductors and insulators cannot be dis- 
cussed here, so that we may select those employed 
in the art of electro-t3rping for special treatment. 
All metals are conductors of electricity. Silver offers 
least resistance to the passage of electricity, and is, 
therefore, the best conductor. Copper is the next 
best conductor, and is universally employed for lead- 
ing wires from the battery to the depositing vessel. 
Most solutions and acids are conductors, but offer ^^;2- 
siderable resistance to the current. Acidulated water 
conducts better than pure water. Dry wood, glass, 
porcelain, gutta-percha, and, indeed, all such non- 
metallic substances, offer such high resistance to the 
current that none of it will pass ; these substances 
are therefore termed insulators. The resistance of a 
conductor to the current varies directly as its length; 
hence, six feet of a particular wire will offer twice 
the resistance given by three feet. The unit of re- 
sistance (by which it is measured) may be roughly 
taken as about equal to six feet of No. 36 Birming- 
ham wire gauge — ^pure copper wire — and is called 
the Ohnij from Ohm, the German physicist. It is 
further spoken of in the section devoted to Measure- 
ment. 
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Current of Electricity . — ^This means the amount or 
quantity of electricity actually supposed to be pass- 
ing in a circuit. It implies, in fact, the working 
power of the electric influence, or its power to deposit 
a given amount of copper in a given time. A weak 
current may deposit copper at the rate of five grains 
per hour only, A strong current may deposit as 
many ounces in the same time. The unit of current 
or quantity is termed the Paradox Weber per second. 
It will deposit in a circuit of one ohm about seven- 
teen grains of copper per hour. It is also known 
as a " Veber." 

Electro-motive Force, — ^The electro-motive force of 
a current means that power by virtue of which it 
can surmount resistance. A current of low electro- 
motive force may be entirely stopped or absorbed 
by a moderate resistance. A current of high 
electro-motive force can overcome high resistance, 
or accomplish work in such a circuit. The full 
meaning of the term will be better understood a 
little further on, but it should be stated here that 
the extent of the electro-motive force or tension of a 
current depends upon the chemical afiinity between 
the plates and solutions of the battery, and also 
upon the difference between the elements of the 
battery. The electro-motive force depends to a 
great extent upon the electrical relationship exist- 
ing between the plates. Tables of the electro- 
chemical series are to be found in most text-books, 
but they generally ignore the fact that, except 
in dilute acid, the relationships are apt to be 
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reversed. The following list, including the com- 
mon metals likely to be used in voltaic cells, exhibits 
the most electro-positive elements first, and the 
most electro-negative last. Thus, to obtain the 
most powerful electro-motive force the first and 
last elements should be combined in the cell. The 
further they are apart in the list the higher the 
electro-motive force. The unit of electro-motive 
force is called a VolL 



Electro-Positive'4-. 
Potassium 


Platinum 


Sodium 


Gold 


Magnesium 

Zinc 

Iron 


Hydrogen 
Antimony 
Carbon 


Aluminium 
Lead 


Phosphorus 
Iodine 


Tin 


Chlorine 


Bismuth 
Copper 
Silver 
Mercury 


Nitrogen 

Sulphur 

Oxygen 

Electro-Negative 



Battery. — ^The word battery here signifies that ar- 
rangement which in a circuit gives rise to a current. 
It is the generator of electricity, and is variously 
styled galvanic and voltaic battery. It may be as- 
sumed for the present to be the only generator used ; 
its various forms are fully described in Chap. III. 

When a pair of plates (of copper and zinc), not 
touching one another, are plunged in acidulated 
water, bubbles of gas arise from the naked surface 
of the zinc plate. When, however, the plates are 
connected togethel" by a wire, the numerous bubbles 
of hydrogen are found to arise from the copper 
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plate, and this goes on until the wire is separated 
from one of the plates, or the circuit is otherwise 
broken. A current of electricity circulates, in fact, 
throughout the series. While the action lasts the 
zinc plate is being slowly dissolved, but the copper 
plate remains unaffected. 

The current is assumed to be set free at the sur- 
face of the zinc plate ; it moves through the liquid 
towards the copper plate, and in doing so sets 
the hydrogen gas free at that - s 

plate. The oxygen combines ■^ ^* 

with the zinc and forms sul- \ ^ 

phate of zinc. The course of 
the current is assumed to 
be — starting from the zinc 
plate, it passes through the 
liquid to the copper plate, 
and from its extremity by the 
wire to the zinc plate again 
(Fig. I .) If the wire be cut 

the current ceases to flow. The simpu Vofufc Generator. 
zinc plate, being the active element, is termed the 
positive plate or element of the cell. The copper 
plate, being passive, is termed the negative element. 
The end of the plate at which the current leaves the 
cell is called the positive pole, while the end of the 
plate by which it enters is termed the negative pole. 
Thus the extremity of the copper plate forms the 
positive pole, while the zinc forms the negative one_ 
Of course these terms apply equally to any wires 
attached to the plates. The end of the wire from 
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the copper or negative plate is always known as 
the positive pole, and vice versa. 

These are the fundamental principles of a simple 
galvanic cell ; their full significance must be sought ; 
in text-books of electricity devoted mainly to the 
subject. Enough is given here to enable the reader 
to understand and act upon that which follows. 

The strength of current given by a zinc-copper 
cell is from various causes low. It is strong at 
first, but the rapid covering of the copper plate by 
bubbles of hydrogen and other causes soon brings 
its force down to a mere fraction of the first rush. 
Various other generators are in practical use, 
which yield a constant and powerful current. These 
will be found described under the heading *' Source 
of Electricity." One cell is a rather weak arrange- 
ment. Two or more cells may be so joined to- 
gether as to act in concert. When we have more 
than one cell the arrangement is called a battery, 
but the word battery is generally used through- 
out this treatise, although one cell cannot properly 
be so termed. 

The way in which cells may be joined together 
to form a battery will be found described under 
"Source of Electricity," but we may briefly 
examine the effect of connecting two cells to- 
gether in this place. When the zinc of one cell 
is connected to the copper of another cell, they 
form a battery of two cells. The electrodes or 
conductors are in this case to be joined to the 
remaining zinc (negative) and copper (positive) 
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poles. The wires may be simply soldered to the 
plates, twisted around them, or fastened in binding 
screws soldered to the plates. It must be particu- 
larly observed that in forming any electrical connec- 
tions the wire extremities should be perfectly clean 
— a coating of oxide greatly retards the current. 

When the two cells are thus connected together 
it is said that they a,re joined or combined for 
electro-motive force, because both their electro- 
motive forces are added together, and it would be 
found that two cells thus connected could deposit 
copper, or do other work, in a much greater resist- 
ance than one cell could overcome. The quantity 
of electricity actually passing will remain as for 
one cell, but the power to push that quantity 
through a resisting medium has been doubled. 

Another statement, connected w4th these cells, 
should be made here ; it is that each cell offers a 
given resistance to its awn current. It is of much 
importance to understand this. The liquid be- 
tween the plates is but a poor conductor, and 
therefore offers resistance to the passage of the 
electricity given off at the zinc plate. ITiis resist- 
ance is called the internal resistance^ because it is 
within the cell, and not between its poles without. 
Every cell has its internal resistance. Two cells 
added together present a double measure of in- 
ternal resistance, and can for that reason give a 
current in a higher resistance than one cell. When 
the cell is small, its resistance is great, but dimi- 
nishes directly as its size is increased. Thus a 
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cell of what is known as " quart size " will present 
an internal resistance twice as great as one ot 
two-quart size, and so on. The current will also 
increase in proportion in an interpolar resistance 
equal to that of the cell. Hence, to obtain the 
maximum current, or eflFect, a cell can give, the 
external should equal the internal resistance. 

The electro-motive force has been mentioned 
before, but it remains to be shown that it is not 
dependent upon the size of cell. A pair of thin 
copper and zinc wires immersed in the solution 
will exhibit the same electro-motive force as a pair of 
plates a yard square. The work power or current 
will, of course, be very different. 

Electrodes, — These are the conductors which lead 
the current from the battery to the depositing vessel. 
The positive electrode, as has been explained, is 
always that which leads from the negative plate of 
the> battery. It is the conductor which leads the 
current. ^>2/(^ the depositing vessel. The negative 
electrode is connected to the positive plate of the 
battery, and leads the current from the depositing 
vessel after it has (it may be said) done its duty 
there. These conductors should always be of stout 
copper wire or of strap copper, and should ordina- 
rily be insulated, or covered with some non-con- 
ducting material, as gutta-percha or tarred twine. 

Wheji the electrodes are metallically touched 
together, the circuit is complete through them, and 
it will be found that a magnetised and freely hung 
parallel needle, brought near to the wire, will im- 
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mediately tend to place itself across the wire. This 
is Oersted's celebrated discovery. 

The wire is. indeed endowed with marvellous 
properties ; wound around a piece of iron, it causes 
it to instantly bec6me powerfully magnetic — this is 
elextrO'Vtagnetism ; it ceases and begins with the 
current. 

When the current exerts no effect upon outside 
bodies, the wire and battery are heated by its 
energy : the energy of the current must, in short, 
be expended upon something — heating the circuit, 
creating magnetism, deflecting needles, decom- 
posing electrolytes. Just in proportion to the 
amount of effect the current exerts outside the 
battery, does the latter become less and less heated. 
The battery is simply a portion of the circuity and 
should always be considered in that light. 

The Anode. — ^The anode, as has been before ex- 
plained, is the positive pole or plate by which 
the current enters the solution to be decomposed 
by it. The anode employed in electro-typing is 
always of copper ; it is a plate of copper, about as 
large as the electrotype to be formed. It has two 
chief functions : it leads the current into the solu- 
tion, and it also dissolves y to make up for the abstrac- 
tion of copper to form the electrotype or deposit. 
It may thus be simply said that the anode both 
serves as the positive pole and keeps the solution 
in working condition. 

The Electrolyte. — ^This is the solution from which 
the electrotype is deposited. It must be composed 
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of at least one conductor and one non-conductor ; 
two non-conductors or two conductors together, as 
an electrolyte, will not be decomposed by the cur- 
rent ; in our case it is a solution of cupric sulphate, 
acidulated with a little sulphuric acid. It is con- 
tained by a vessel or vat, called the defositing vat. 
When the copper is set free from this solution, and 
made to adhere to the cathode, it is said to be 
deposited. The deposit is thus the electrotype. 

When a current of electricity is made to pass 
through the electrolyte, the real work done is as 
follows : — ^The components of the electrolyte are 
resolved into two distinct groups — electro-negative 
elements (such as acids and metalloids), which 
move towards the anode; and electro-positive 
elements (such as metals and alkalies), which move 
towards the negative plate. In plainer words, the 
sulphuric acid of the sulphate of copper moves 
towards, and combines with, the anode, dissolving 
it and forming fresh sulphate of copper ; the copper 
thus set free appears at the negative plate or 
cathode, and adheres to it. 

Strictly speaking, the atoms mentioned cannot 
be said to move towards the plates ; the real action 
consists of a series of interchanges y forming a molecu- 
lar chain from one plate to the other, and the force 
necessary to set all the molecules composing the 
chain in motion forms the resistance of the electro- 
lyte — thus the longer the chain the greater the resist- 
ance. The ultimate liberation of the components 
does not take place in the body of the solution, but 
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at the surfaces of the plates. The whole action is 
(electrically) but another phase of the well-known 
and oft-repeated law that positive repels positive, 
but attracts negative ; and negative repels negative, 
but attracts positive. If, after the cathode has 
received a deposit of copper, and the anode is 
proportionately dissolved, we reverse the direction 
of the current through the solution, the whole action 
is repeated at reverse ends of the vessel. Thus 
the cathode now acts as an anode, and the anode 
as a cathode ; the result is that the cathode loses 
its deposit, while the anode regains it. This has 
reference to a reversal of current, which is apt to 
take place, and which is discussed further on. 

Several distinct phases of current work in the 
electrolyte are discussed under the separate heads 
succeeding the following paragraph : — 

The Cathode. — ^This is the plate which receives 
the deposit in the solution, or at which the electro- 
positive components appear. The cathode in 
electro-typing practice is the mould upon which 
the copper is deposited. It must always be re- 
membered that the cathode is connected to the 
negative pole (zinc plate) of the battery. As the 
mould to be deposited upon is usually of some non- 
conducting substance, such as wax or gutta-percha, 
it must receive a conducting surf ace. The substances 
best adapted to this purpose are plumbago and 
nitrate of silver. Plumbago of the first quality is a 
good conductor of the current ; it is reduced to an 
impalpable powder, and carefully brushed upon 

C 



1 8 ELECTRO-TYPING. 

the mould until the surface presents a uniformly 
coated appearance, when all excess of the powder 
is blown away : an apparatus known as the black- 
leading machine is used for this purpose. The 
mould, when its lines are very delicate, is usually 
coated with precipitated silver, which forms an ex- 
cellent conductor. The connection to the mould is 
either obtained by bedding a wire in it direct, pr 
the mould is made in a metallic frame, to which 
the wire is connected. 

Minor Effects of the Current on the Electrolyte, — 
The solution is always raised in temperature by 
the current, according to the resistance offered by 
the conducting component. The chemical action, 
apart from the power of the current, consists chiefly 
in the formation of cupric sulphate by reason of 
the sulphuric acid being liberated directly at the 
surface of the copper anode. Neither of the gases, 
oxygen or hydrogen, is set free under ordinary 
conditions. If gas should appear arising from the 
plates, it is an indication that the current is too 
strong. 

The depositing vessel offers a counter force to 
the current ; it acts, in fact, as a kind of condenser 
of force, which may be simply proved by including 
a galvanometer in the circuit and suddenly with- 
drawing the battery, either by cutting it out of 
circuit by means of a loop wire, or by opening the 
circuit and reclosing it, leaving out the battery. 
A counter rush of current will mark the truth 
above enunciated. If this counter strain, which is 
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constant, and depends upon the materials in the 
cell, be greater than the electro-motive force of 
the battery, no work will be done in the depositing 
vessel. This counter force may be due to two 
causes : it may be partly caused by the condensing 
action of the molecules, or by a phenomenon 
generally called polarization^ which may be ob- 
served as follows : — An amalgamated zinc plate, 
and a smooth, clean, copper plate, when plunged 
in acidulated water and connected together, form 
a single voltaic cell, and it will be observed that 
the hydrogen gas given off by the copper plate 
exhibits a tendency to cling to it ; before the plate 
is quite " polarized,^' or covered with a film of 
gas, the cell has practically ceased to act ; this is 
due to the counter force offered by the electrified 
hydrogen. The phenomenon of polarization is 
often erroneously supposed to be due to the plate 
itself. 

Polarization^ however, is much more troublesome 
in the battery than in the depositing cell. When 
the copper plate of a battery cell is covered with 
a granular coating of copper the gas is allowed 
to escape with greater effect, and the cell gives a 
more regular current. In Smee's battery, silver 
plates, coated with a granular layer of platinum, 
are employed with very good results. 

Among the minor effects of the current or chemi- 
cal action in the solution may be noted the pecu- 
liar movements which are observed to take place 
in the liquid. When the current is passing through 
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the solution, that portion of the liquid in immediate 
contact with the anode becomes heavier than the 
surrounding liquid, by reason of the continual 
addition to it of fresh cupric sulphate off the 
anode. The result is that it sinks, and produces 
in time a heavier stratum of liquid at the bottom 
of the cell. But the liquid around the cathode 
becomes, for the reverse reason, light, and rises to 
the surface, so that the result is a continual redistri- 
bution of the electrolyte. It is for this reason, also, 
that the solution is seldom stirred, or needs to be 
remixed. 

Decomposition of Different Solutions. — Electrolytes 
are decomposed and their metals set free in the 
proportion of their atomic weights, or multiples of 
these weights ; or, in other words, those substances 
which are set free with the least expenditure of 
energy are most easily decomposed, and are 
always decomposed first when in company with 
others of a different nature. 

This law can be worked out for all the metals by 
ascertaining their atomic weight, and dividing 
that by the corresponding valency, which will give 
the electric equivalent required, thus : — 

Atomic weight -r-, . . . , , 
—— = Electnc equivalent; 

or, for copper, we may take the same formula, 

63*5 
2-=3i75; 

or, for silver, 

i2? = io8. 
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Hence, a current that will deposit one electric 
equivalent of copper (3175 parts) will in the same 
time set free one equivalent (197) of gold and one 
of silver (108). We can, therefore, give to each 
element its value electrically, and find by the above 
process its relation to other elements. 

As iron is employed in electro-typing, it may be 
of use to give its electric equivalent here, 28-, 
which shows that a given weight of iron is not so 
quickly obtained with a given current as a given 
weight of copper. This teaches that the law of 
definite electro-chemical action is based upon the 
electric equivalent, and space need not be occupied 
in giving lists of figures, which can be readily 
worked out. 

Relation of Current to Work, — ^When a solution 
of cupric sulphate is subjected to the action of a 
current, the metal is reduced upon the cathode, 
but not always as a tough and malleable coating. 
A piece of bright steel dipped into the solution 
will receive a red coat of copper, but a piece of 
zinc will cause the metal to be precipitated as a 
black powder. These actions, first discussed by 
Alfred Smee, F.R.S., are very instructive, because 
the same effects can be produced by means of a 
current derived from a battery. 

When a weak current of electricity is passed 
through the depositing solution, we obtain a coat- 
ing of copper upon the cathode, but it proves to 
be of a highly crystalline and brittle nature, and, 
therefore, useless. When a strong current is so 
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passed, the metal is deposited in a state of black 
granules, loose, and lacking both adherence and 
cohesion. When a medium current is tried, the 
metal is deposited in the tough malleable (some- 
times termed "reguline") state required. The 
weak current may be represented by a small and 
feeble cell, the strong current by a large battery, 
and the medium current by a pair of ordinary cells. 
But the range within which good metal can be 
obtained is considerable. 

The same effects can also be obtained with a 
given current in different solutions. Thus, if we 
employ a saturated solution, the copper will be 
crystalline. If we dilute the solution with from 
two to four times its bulk of water, the metal is 
deposited in the malleable state, and if we dilute 
still further, we obtain granular deposits of copper. 

From these facts the conclusion that the deposit 
depends for its quality both upon the solution 
and upon the current must be drawn and remem- 
bered. 

With a weak solution and strong current a black 
deposit will be given when hydrogen appears at 
the negative plate (cathode). Crystalline deposits 
are obtained when the current is weak and the 
solution strong. 

The best working condition is that which ex- 
hibits a strong tendency to produce gas at the 
cathode, in a strong solution. The anode and 
cathode should have equal surfaces. 

Effects of Large and Small Electrodes: — ^Taking a 
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given current of suitable electro-motive force (call 
it, according to the unit, 2 webers per second), we 
can deposit, say, 40 grains of copper per hour. 
Now this is the law to which we must attach most 
importance. This weight of copper will be 
deposited irrespective of the size of the cathode. On 
a wire it would form a thick coating, but we should 
obtain the required 40 grains per hour. On a plate 
it might be a coating thinner than tissue-paper, 
but 40 grains per hour would be given. Very little 
more need be said upon this point, but it is a law 
which would appear to give much trouble to electro- 
depositors to thoroughly apprehend, and is nowhere 
clearly explained in the earlier treatises on electro- 
metallurgy. 

When the anode is made too small, the resistance 
of the bath (solution) is thereby increased, and an 
insuJBiciency of copper is dissolved off. When it is 
made too large the resistance is diminished, but 
too much copper is dissolved off. Therefore, except 
in cases where there is an excess of cupric sulphate 
in solution, or a deficiency, the anode should not 
be smaller or larger than the cathode. 

Resistance of the Solution. — ^A saturated solution 
of cupric sulphate offers great resistance to the 
current; area for area, it is as 16,855,520 compared 
with I for pure copper — thus a cylindrical body of the 
solution I inch in diameter and i foot long would 
offer the above enormous resistance, if a similar 
body of pure copper offered a resistance of i . The 
addition of a little sulphuric acid increases the 
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conductivity of the solution, as does also an increase 
of temperature. The great area of the solution pro- 
vided in the vat, however, compensates for its low 
specific conductivity, by affording a vast number of 
paths throughout which the current may divide its 
passage. A resistance of from i to 5 ohms (p. 8) 
is usually offered by the space between the plates 
(anode and cathode). When the plates are large 
they may be separated to a greater distance than 
when they are small, because the area of liquid 
covered is greater in the first case. 

When the current is too strong, and gives a black 
deposit, it will yield good malleable metaj if the 
anode and cathode are taken further apart, because 
the resistance between them will be augmented, 
and will absorb the excess of current, but this method 
of working is wasteful; it is much more economical 
to diminish the expenditure of zinc in the battery, 
and so reduce the current at its source, as explained 
under The Depositing ProcesSy p. 190. When the 
current is too weak, and yields a crystalline, pale 
deposit, it may be strengthened by placing the 
plates nearer to each other. For perfectly flat 
plates, up to 6 inches square, the distance between 
anode and cathode should never be less than 2 
inches. 

Simple Immersio7i Deposit, — ^When iron, steel, 
tin, lead, and type-metal are simply dipped into 
a solution of cupric sulphate they receive a coating 
of copper ; a simple voltaic tendency is, in fact, set 
up by the partial decomposition of the liquid, and 
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a thin coating of the metal, sufficient only to per- 
fectly cover the surface, is deposited. Thus simple 
immersion deposits are almost always exceedingly 
thin. Metals that coat themselves by decomposing 
the sulphate of copper solution cannot be coated by 
a battery current in that solution ; therefore an 
alkaline mixture, such as copper dissolved in 
cyanide of potassium, in which these metals will 
not coat themselves, is employed. 

Single Cell Depositing Apparatus, — ^This was the 
apparatus first employed in the deposition of elec- 
trotypes, and it is even yet in use for small work, 
although greatly inferior to the separate current 
process. It consists simply of an outer vessel 
of stoneware or glass if small, and of wood coated 
within with gutta-percha if large. A convenient 
size for experiments is a cylindrical vessel contain- 
ing about two quarts. An inner vessel, of porous 
earthenware, is also employed ; it should be about 
half the diameter of the outer cell, and a little 
higher. These porous earthenware vessels serve 
the purpose of diaphragms for separating two 
liquids, but allowing the current to pass ; they used 
to be made of various materials, including wood : 
a brown-paper cell may be employed for temporary 
work. Full information concerning these cells is 
given in Chapter III. To complete the apparatus, 
a rod or plate of zinc, amalgamated (p. 57), is pro- 
vided, with a wire cast into its upper extremity. 
This zinc rod is placed in the porous cell, in water 
slightly acidulated with sulphuric acid. iThe outer 
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vessel is nearly filled with a solution of crystals of 
sulphate of copper (the sulphate may be dissolved 
in warm water), Fig. 2. 

If the end of the wire attached to the zinc is 
dipped into the solution, the action immediately 
commences, and copper begins to be deposited upon 
its extremity. In a short time a knob of pure 
copper will be found attached to the wire. If the 
copper appear dark, the current may be assumed 
to be too strong, and the zinc may be raised a 

little, or the wire's extremity may 
be placed further away from the 
porous cell. If the copper deposit 
appear pale and crystalline, the 
wire should be brought nearer to 
the cell, or the current should be 
strengthened by adding a few more 
drops of acid to the contents of 
the porous compartment But the 
copper may be deposited upon a 
flat plate, a ball, or upon any con- 
ceivable shape of cathode, A deposit thrown upon 
a medal or coin will, when chipped off, exhibit the 
marvellous accuracy of the electrotype. 

A copy of a coin or medal taken on gutta-percha 
or wax, while warm, and well blackleaded, can be 
connected to the wire by heating the latter and 
pressing its extremity into the mould at the back ; 
the blacklead must, of course, conduct up to and 
upon a portion of the wire, otherwise the circuit 
will prove incomplete. The copper will be thrown 
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upon this mould, commencing at the extremity of 
the wire, and gradually spreading over the face of 
the mould. In a day or two the copper will be 
thick enough to stand being withdrawn, after 
gentle heating. It will be found to be in every 
respect an accurate copy of the original as far as 
the moulding extends. 

But these processes are fully described in Chap- 
ters VI., VII., and VIII. ; they are mentioned here 
to furnish a definite idea of the method by which 
an electrotype can be produced, and not to give 
practical instruction in the art. The whole arrange- 
ment employed to illustrate the single-cell method 
forms a galvanic pair, the zinc, as usual, being the 
positive element, and the mould the negative. The 
current arising from the surface of the zinc forces 
its way through the porous division, decomposes 
the copper solution, and sets the metal free upon 
the wire and mould. 

Methods of Making the Solution, — The ordinary 
electrotype solution for the single -cell process 
consists simply of cupric sulphate crystals (p. 31) 
dissolved to saturation (until the liquid ceases to 
dissolve) in warm or cold water. It should be kept 
in this saturated condition, as the copper is 
abstracted, by adding crystals. 

The solution for separate current methods consists 
of a saturated mixture as above, with one-fifth of 
water, acidulated with one-tenth its weight of sul- 
phuric acid added. 

These solutions may be made by passing a cur- 
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rent from a copper anode to a copper cathode 
through a mixture of sulphuric acid and water. 
This is known as the battery process ; it is more 
expensive than the ordinary method, and has no 
compensating advantages. 

Separate Current Process. — ^This is the method 
alluded to throughout the foregoing instructions. 
It consists in the employment of a voltaic cell or 
battery, a thermo-electric pile or dynamo-electric 
machine as ^^ source of electricity. The vessel in 
which the deposit is obtained is usually a vat^ 
properly prepared, and fitted with metallic rods 
and screws for hanging the anode and cathode, 
besides securing the ends of the wires from the 
battery or other source of current. The mould, 
being properly faced and connected, is slung upon 
the negative rod or pole of the battery (connected 
to the zinc plate). The anode, a plate of copper, 
is connected with the positive pole ; both hang 
beneath the surface of the solution at such a 
distance apart as may suit the strength of current 
passing. The copper is deposited, at first slowly, 
around the connection, from which it creeps all 
round the edges and over the entire surface of the 
cathode. 

This is the process as applicable to flat plates 
only. When the objects (cathodes) are round, or 
when they must be deposited upon from the interior 
of a mould, different arrangements are adopted, but 
the actual process is the same. The details are 
sometimes complicated to the extent of employing 
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twelve or more anodes, and numerous "leading- 
wires," as the cathode wires are termed. These 
details, upon which so much depends, should be 
separately studied under the different heads in the 
following chapters. 

Compound Vessel Process. — ^This process of de- 
positing the copper consists in the use of a long 
trough depositing cell, divided into a number of 
distinct and separate compartments. Each com- 
partment contains a copper anode. The object is 
to obtain a number of separate electrotypes at one 
operation ; with a view to this, each compartment 
also contains a mould to be copied. One battery 
or cell is employed to work the whole arrange- 
ment, the conducting connections being as fol- 
lows : — The positive pole of the electric source is 
attached to the first anode ; the same compart- 
ment contains a mould or cathode, which is con- 
nected to the succeeding anode; in this way the 
second cathode is connected to the anode, in the 
next cell, and so on to the end of the series, when 
the remaining mould is connected with the negative 
pole of the battery. 

This arrangeijient cannot be said to possess any 
noteworthy points of advantage. The original idea 
attaching to it was that, by the expenditure of one 
equivalent of zinc and acid in the battery, one 
equivalent of copper would be secured at each 
cathode throughout the compound depositing cell, 
but the mere fact that the resistance increases in 
direct ratio with the number of cathodes exposes 
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the absurdity of this expectation. And, moreover, 
the equivalent of copper would be deposited not in 
wAo/e at each cathode, but would be distributed 
equally between them. Hence, a number of electro- 
types^j to be done at one operation, should be slung 
upon a common rod, and exposed in the solution 
before a large anode. The current will thus be 
more evenly - distributed between them, and the 
resistance will prove much smaller. 

The Galvanometer. — ^The construction and use of 
the galvanometer are described at. p. 92. This 
instrument, although not at first much used by 
electrotypers, should be perfectly understood by 
them and constantly at hand. Its function is to 
detect a current and measure its strength. Rule-of- 
thumb work, in which no galvanometer or other 
instrument is ever employed to inform the operator 
as to the magnitude of his currents or resistances, 
is surely contemptible enough in the face of the 
fact that a fraction of the skill and intelligence 
displayed by its votaries would make them masters 
of both principles and galvanometers. 



CHAPTER II. 

Metals used by the Electrotyper. 

The two chief metals employed in the practice of 
electro-typing are copper and iron ; the former is 
universally used for the body of the electrotype, 
and the latter is superficially deposited upon the 
better class of printing surfaces produced by 
electro -deposition, with the effect of rendering 
them more durable. (See p. 2.) 

Copper. — Pure copper possesses a beautiful red 
colour ; it is moderately hard, but tough and malle- 
able. Symbolically it is represented in chemical 
formulae by Cu ; electrical equivalent, 3175; 
atomic weight, 63'5 ; specific gravity, 8*9. Copper 
is, next to silver, the best known conductor of 
electricity; Dr. Matthiessen gives its conductive 
power as 99*9, as compared with 100 for silver. 
This metal is, therefore, admirably adapted for the 
purpose of making electrodes, and also for hooks 
and rods, which, with screws, form the fittings of 
an electro-typing vat. 

Salts of Copper, — ^The ordinary salts of copper 
are the sulphate, commonly called blue vitriol; 
the nitrate ; the chloride ; the suboxide ; the pro- 
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toxide, acetate, and cyanide. The sulphate is the 
compound of copper most extensively used. It 
may be made by heating chips of copper in sul- 
phuric acid until the compound is nearly dry, 
washing the product in boiling water, and evapo- 
rating and crystallizing the solution so obtained 
after filtration. But it is usually more economical 
to purchase the salt. Its price varies from five- 
pence to sixpence per pound. When the salt is 
pure it presents the appearance of large crystals 
of a deep blue colour. An admixture of green 
indicates the presence of iron, which must be 
avoided with much care. The following test will 
render the presence of even minute quantities of 
iron manifest : — Dissolve a sample of the salt in 
distilled water, and add ammonia with stirring 
until the blue precipitate obtained is redissolved. 
Allow it to stand some time, and pour off the 
clear portion of the liquid. Pour a large quantity 
of distilled water on the residue, and allow it again 
to settle. If iron be present, it will appear as a 
reddish powder in the lower part of the liquid. 
From the sulphate some of the other salts of copper 
may be prepared. 

Nitrate of copper may be conveniently made by 
dissolving copper, in chips, in nitric acid, and 
evaporating and crystallizing the solution. 

Chloride of copper may be made by dissolving 
the metal in aqua regia (a mixture of one volume 
of nitric acid in two and a half of hydrochloric 
acid), and treating the solution as before. 
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Acetate of copper is known in commerce as 
crystallized verdigris, and is so cheap that it seldom 
pays to make it at home. 

Cyanide of copper is a salt of considerable im- 
portance to the electro-depositor ; it may be 
made as follows : — To a solution of copper sul- 
phate add, with agitation, a solution of cyanide of 
potassium until a precipitate ceases to fall. The 
operation must not be carried beyond this stage, 
otherwise the precipitate will be redissolved. 
Allow the precipitate to settle and pour off the 
liquid portion; wash the precipitate once or twice 
and filter. The resulting salt has a pale green 
aspect, and is highly poisonous ; the operation is 
also somewhat dangerous unless conducted in free 
air or in a draught-chamber : both solutions should 
be cold. 

Electrolytic relations of Copper. — In a saturated 
solution of ammonia copper is electro-positive to 
iron, and the tendency is powerfully augmented 
if a solution of sulphide of ammonium be substi- 
tuted for the simpler liquid. In a solution of oxide 
of copper in liquid ammonia, or in a saturated 
solution of ferrocyanide of potassium, it is posi- 
tive to iron, but only for a short time — it then 
becomes negative. In' a saturated solution of bi- 
chromate of potassium, or a strong aqueous one of 
sulphide of potassium, it is increasingly positive up 
to the point of boiling. This last liquid has a 
similar effect on brass (Gore). 

Electrolysis of Copper Salts. — It is found that a 

D 
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solution of chloride of copper is not so readily de- 
composed by the electric current as one of the 
nitrate, but more readily than the sulphate; 
chloride of copper is, moreover, one of the most 
difficult liquids to deposit copper from, and the 
metal is apt to assume a spongy form. The same 
fault applies to the acetate and hyposulphite, and 
they all need a strong current to effect their decom- 
position. 

Immersion Deposition of Copper. — ^Iron, lead, tin 
and zinc become very slightly corroded in a solu- 
tion of sulphate of copper, and consequently receive 
a thin coating of the metal; but antimony, bis- 
muth, copper, nickel, silver, platinum and gold are 
not acted upon and receive no deposit. The 
reverse holds true on passing a current, for then 
the first class of metals cannot receive an adhesive 
deposit, while the second class receive art adhesive 
deposit of any desired thickness. 

The slight coating of copper secured by iron 
and steel upon simple immersion in a solution ot 
copper sulphate has very wide practical applica- 
tions. An appearance of copper is thus imparted 
to vast quantities of iron and steel goods, while in 
other instances the initial coating serves as a good 
base upon which gold or silver may be deposited 
to any required thickness by the separate current 
process. A solution suited to the coating of cleansed 
steel and iron articles may be made by mixing 
three quarts of water with one of hydrochloric acid 
and one ounce of solution of copper sulphate. The 



ELECTRO-TYPING METALS. 35 

objects should be immersed and removed and 
washed several times during the operation. 

The Single Cell Process. — ^As explained at p. 25, 
copper may be deposited upon any suitable sur- 
face by the single cell process. A saturated 
solution of sulphate of copper is well suited for 
use in such combinations, and the copper yielded, 
under favourable conditions, is always of very fine 
quality and texture. The sulphate solution may 
be employed to deposit copper upon any of the 
metals that do not decompose it. 

Quality of Deposited Copper. — Deposited copper is 
not necessarily pure; zinc is very often thrown 
down with it, and other metals, according to the 
current passing. From a solution of the pure salts, 
however, copper may, especially by the single cell 
methpd, be obtained absolutely pure. 

When the current is too strong, the copper has a 
tendency to be porous and rotten, or to be de- 
posited in the form of coarse grains. When the 
current is too feeble, a crystalline deposit is ob- 
tained, which is both hard and brittle. Tough mal- 
leable copper, in the " reguline " state, is obtained 
when the current and resistances are properly 
balanced. Electro-deposited copper, when pre- 
cipitated under favourable conditions, is superior 
in ductility and strength to the purest rolled 
samples. 

Iron. — Chemical symbol Fe; atomic weight, 56; 
electrical equivalent, 28 ; specific gravity, 7*8. Iron, 
as employed by the electrotyper in the process of 
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" Steel facing," is generally derived from the salts 
of the metal. Iron is usually very impure, and 
needs careful working to obtain the clean deposits 
required. 

Salts of Iron, — ^The common salts are the proto- 
sulphate, commonly called green copperas ; per- 
oxide (jeweller's rouge), protochloride, carbonate, 
and perchloride. The protosulphate is so cheap as 
to render its preparation at home unnecessary ; but 
it is made by heating fine iron wire in diluted sul- 
phuric acid until the solution is saturated, and then 
evaporating. The operation should be conducted 
as much from the influence of the air as possible. 
The residue is a green crystalline salt, freely soluble 
in water. By employing hydrochloric acid instead 
of sulphuric, the protochloride of iron is secured ; 
it is similar in appearance to the protosulphate, and 
is also freely soluble in water. Perchloride of iron 
is made by adding nitric acid to a solution of the 
protochloride and evaporating to crystallizing 
point ; this is a reddish salt. 

All the salts of iron are liable to change, and 
most of them, as the protosalts in solution, absorb 
oxygen from the air. 

Electrolysis of Iron Solution, — Iron may be de- 
posited from many of its salts, but the proto- 
chloride and protosulphate are most in favour for 
purposes of " steel facing." It may be deposited 
by simple immersion, but this process has had 
no extended application. A separate current is 
always employed. All iron solutions should be 
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protected as much as possible from the influence 
of the air. 

Brass. — ^This is an alloy of copper and zinc, and 
as it is only used in imparting a hard facing to 
some kinds of electrotypes, it need not be spoken 
of at length here. It may be remarked, however, 
that zinc and copper together always require a 
strong current to deposit them as an alloy. If a 
weak current be employed, the copper will be 
deposited and not the zinc, but if the current be 
sufiiciently strong, both metals appear in combina- 
tion at the cathode. 

Nickel. — ^This is a hard and brittle metal. It is 
generally obtained in commerce in the form of 
grains. Its electrical equivalent is 29*5 ; it always 
needs the expenditure of a good deal of battery 
power to set it free. Nickel has not yet been suc- 
cessfully rolled, so that anode plates are usually 
made in the form of cast slabs; an anode of 
platinum foil may, however, be used in setting free 
small quantities from a solution, as described in 
Chapter IX. 

Zinc. — This metal is chiefly employed in voltaic 
batteries ; its nature is therefore described in 
Chapter III. 

Backing Metal. — This is used as a " backing " 
for electrotype shells when they are not sufiiciently 
rigid to serve their intended purpose. It is usually 
made by melting together : lead one pound, tin one 
ounce, antimony one ounce. The lead is melted 
first and the other metals added. It is usually best 



38 ELECTRO-TYPING. 

to thoroughly mix them by granulating, which is 
most readily accomplished by slowly pouring the 
melted mass through a wire net into a bucket of 
water. The grains are collected and may be again 
melted and divided to insure perfect mixture. 
This metal, with more or less tin and antimony, 
may be purchased ready for use. 

" Tinning Metal!* — ^This is also known as solder, 
and is very useful to the electrotyper in joining 
shells, as well as preparing their backs for the 
reception of backing metal. It may be made by 
melting together equal weights of tin and lead and 
granulating once or twice as directed above. It is 
usually considered best to preserve the tinning 
metal in the form of grains in a suitable vessel, 
free from dust. 

Other and less important metals are employed 
by the electrotyper, but they will be found spoken 
of under the different sections in connection with 
which they are used. 



CHAPTER III. 
The Source of Electricity. 

The current-electricity necessary for the practice 
of electro-typing is usually derived from one of the 
following three sources : — 

1. Galvanic Batteries^ as yet the cheapest and 
most convenient source of electricity applicable to 
operations of moderate extent. 

2. Thermo-Electrtc B alter teSy in which current is 
due to heat usually derived from gas, charcoal, or 
coke. 

3. DynamO'Eleclrtc Machines y generally driven 
by steam-power, the economical and efficient action 
of which has brought them into use in most of the 
important electro-typing establishments. 

This section of the art of electro-typing will, 
therefore, be treated under the above three heads, 
each separately and distinct from the other two. 
Each source of electricity has its advantages, a 
brief summary of which will be found at the end 
of each section. 

Galvanic Batteries. — The main principles of 
the galvanic cell, with which it is necessary that 
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the electrotyper should be familiar, are discussed 
in the first chapter of this volume (p. lo et seq.\ 

Simplest Type of Cell. — A pair of plates, zinc and 
copper, immersed separately in one vessel of acidu- 
lated water, form a cell of the zinc-copper descrip- 
tion. These plates may be of any size, from one 
square inch to several feet, but a convenient size of 
this cell should contain about one gallon of liquid, 
with plates 8 by 4 inches. When the wires from 
such a cell as this are joined to a galvanometer, a 
powerful rush of current is indicated; which, how- 
ever, soon begins to fail in strength. 

The zinc-copper cell may, nevertheless, be ar- 
ranged to give a very useful and cheap current for 
electro-typing purposes by following the author's 
plan of depositing a granular coating of copper 
upon the copper plate by the usual electrotype 
process. The action of the rough surface is similar 
to that of the platinum on silver employed in 
Smee's battery (p. 43). 

It is much better, however, to arrange the cell on 
the principle of construction employed by Smee, 
that is, two amalgamated zinc plates (p. 57) should 
be employed, clamped to a dry wooden bar, with a 
plate of rough-surfaced copper between, but not 
touching, them. 

Or the cell may be arranged on the principle of 
the WoUaston battery, which has been so exten- 
sively used in electro-plating and typing. In this 
type of construction one large copper plate is 
employed, bent into a u shape, the ends of which 
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are clamped to a bar of varnished wood crossing 
the top of the vessel in which the liquid is kept. 
Through the wooden bar slides a plate of amal- 
gamated zinc hung in position by a cord and 
counterweight passed over a pulley. The advantage 
of this construction lies in the facility with which 
the zinc may be withdrawn from the liquid when 
the cell is not in action, and the obvious convenience 
of being able to regulate the amount of current by 
immersing more or less of the zinc plate at will. 
The copper plate may be made in two halves and 
connected together at the top, which is the better 
way of the two, as it permits of more free circula- 
tion of the exciting liquid. The distance between 
the plates may be from one-half to two inches, 
according to their size. The most suitable exciting 
liquid is usually considered to be one part of sul- 
phuric acid to ten of water. 

When the battery is thrown out of action for 
some time the copper plates should be removed, 
as they are liable to suffer corrosion, and, con- 
sequently, liberate small quantities of sulphate 
of copper, which act upon the zinc and set up 
local action and consequent waste. When in use 
the copper should be kept clean, and this is gene- 
rally most easily accomplished by renewing the 
rough copper coating referred to above. 

The Carbon Plate, — ^An excellent and cheap cell 
may be constructed upon the above model by 
substituting carbon for copper. The variety of 
carbon employed in galvanic batteries is that 
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known as graphite, or gas carbon. It is not coke; 
it forms as a scale upon the interior surfaces of the 
gas retort in the process of evolving gas from the 
richer coals. In the bulk, as chipped from the 
retorts at gas works, it is extremely cheap. It 
should be of a clear grey colour, very hard, and as 
regular and close in texture as possible. Plates 
of this battery carbon will last for any number of 
years, but they are difficult to cut from the most 
suitable quality of the substance. 

These carbon plates are, however, easily pro- 
curable at reasonable rates, and may with every 
advantage be employed as a substitute for the more 
wasteful copper in the copper-zinc battery. Their 
good points may be summed up as follows : small 
first cost, high conductivity (when of moderate 
thickness), highly granular everlasting surface, and 
fitness for remaining constantly in the liquid when 
the battery is out of action. 

In order to provide a good electrical connection 
with those plates, they should be provided with a 
cap of copper, electro-deposited, at the upper end. 
This may be done in the single cell (p. 25) by 
tying the zinc wire to the carbon, and allowing an 
inch of its end to dip into the solution of cupric 
sulphate. In an hour or two a coating of copper 
will be secured, when the end must be dipped in 
boiling water to remove all traces of the copper 
salts ; it should then be provided with a terminal 
screw (p. 56] by soldering, and the cap well pro- 
tected by a coat or two of black varnish applied 
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while the carbon is hot. Fitted in this way these 
plates, in conjunction with amalgamated zinc 
plates, form a really good cell, which may be 
worked with a variety of excitants or by dilute 
acid simply. (See " Carbon-Zinc Cells," p. 52.) 

Two large carbon plates, with one zinc between 
them, as in WoUaston's cell, constitute a useful 
cell; but the construction may be extended, and 
several zinc plates between carbons may be 
arranged between a pair of long varnished wood 
bars extending over the top of the containing 
vessel. The force is increased by platinising the 
plates. 

Size of Plates in Batteries.-^This must be regu- 
lated by the extent of the work to be done. A 
good general rule to follow is to have the battery 
plates a little larger than the work to be deposited 
upon. Of course the number of plates when they are 
all joined together to form substantially one cell, will 
materially affect the size of each platey as it is the 
surface exposed in each cell that ought to be con- 
sidered and made equal to the surface to be 
deposited upon. The number of cells will have 
reference, of course, to the electro-motive force, 
which must be regulated to the resistance of the 
circuit (p. 13), and is entirely independent of the 
size of each cell. 

Platinised Silver Plates, — ^What Smee really 
effected in his battery was to provide, in silver, a 
highly electro- negative element, coated with a 
rough layer of platinum, admirably suited to the 



44 ELECTRO-TYPING. 

dislodgment of hydrogen, which clings to a smooth 
surface and practically puts a stop to the action of 
the battery. 

Smee's battery (Fig. 3} is thus composed of a 

simple pair of zinc plates (amalgamated) having 

between them a thin sheet of the platinised silver. 

It is a t3^e of cell which has been more extensively 

used than any other in the art of electro-typing. 

Its first cost is rather great, 

but the most expensive item, 

the silver plate, will last for 

about fifteen years if care be 

taken, and the platinising be 

periodically carried out. 

It is false economy to pro- 
cure the silver plate very thin ; 
it should have a thickness at 
least equal to an ordinary 
" visiting card." Its cost, of 
course, depends upon its 
Fig. 3.-sni«'» Battery- Weight, but it may be procurcd 

pUles raised. . " ' } tf 

ready rolled at about the 
market price of silver. A very useful size for ordi- 
nary electrotypers' work is 12 by 8 inches, which, 
if of a good stout sheet, will cost something about 
£}), This price, although high, will of course be 
in great part recovered when the plate is unfit for 
work and sold for old silver. 

To platinise the silver plate an arrangement 
exactly similar to the single cell depositing vessel 
(p. 25) should be provided, and it is advisable to 
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employ a vessel large enough for the outside cell 
to allow of the silver plate being immersed in it 
without being bent. 

The porous vessel may be of the round form, but 
when the plate to be coated is large this is a dis- 
advantage, inasmuch as the action must neces- 
sarily proceed with greatest rapidity in the imme- 
diate vicinity of the round porous cell. For this 
reason it is better to employ a flat cell, but failing 
this, two porous vessels may be brought into requi- 
sition, with zincs connected together, to distribute 
the rate of deposition evenly over the surface of 
the silver plate. Of course a separate cell may be 
used to give the current, and the plate may thus be 
platinised in an ordinary depositing vessel, employ- 
ing an anode of platinum foil. According to the 
single-cell method, which is more generally applic- 
able, the porous vessel should be nearly filled with 
acidulated water (i to 10), and a rod or plate of 
zinc suspended in it. A wire should lead fi*om this 
to the silver plate, which, with the porous vessel, 
should be placed in the outer cell containing 
acidulated water (weak), in which saturated solu- 
tion of bichloride of platinum should be present 
(i part solution to 30 water). In a few minutes 
the deposition will be observed to darken the plate, 
and while it proceeds the mixture should be gently 
agitated with a glass rod. When the plate appears 
dark brown or nearly black it may be removed, or, 
perhaps, a better guide is to allow the plate to 
remain from seven to eight minutes in the solution. 
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Silver plates, previous to being platinised, should 
he washed in caustic soda solution or cleaned off 
with glass paper. After the completion of the 
process the plate should be dried and carefully- 
handled while being placed in the battery frame. 

In order to protect the silver plate from injury, 
and give it some firmness, it is usual to mount it in 
a frame of wood, but this is a bad, dirty, and trouble- 
some method. The plate should be stiffened by 
four clamping-pieces of sheet-lead, bent double, 
and hammered down so as to grasp its edges firmly. 
This is quickly done and will outlast the plate, 
while wood is a constant source of trouble. These 
edges should be warmed, and a coat or two of 
pitch varnish, or ordinary good japan, applied to 
them. 

The usual and most convenient construction of 
a Smee cell is somewhat similar to that of the 
copper-zinc description already spoken of. Taking 
a single pair only of the Smee t3rpe as an example, 
the silver plate is made fast in a groove cut in the 
bar of wood forming the support across the excit- 
ing vessel. The wood should be of some hard 
description, but good mahogany, baked dry and well 
varnished, answers perfectly. The full width of 
the wood bar may be one inch, or rather more for 
large cells. The zinc plates may be slightly longer 
and wider than the silver element to afford some 
protection to it in case of accidents. They should 
be well amalgamated, and selected in accordance 
with the hints given at p. 56. One zinc plate is 
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placed at either side of the bar, parallel to the 
silver, and both are clamped in that position by- 
means of one or two ordinary battery clamps, 
which serve at the same time to connect the 
two plates as one and to provide a means of fas- 
tening the electrode. The electrode from the 
silver plate, and which should be soldered to it 
is led out through the wooden bar, and may either 
terminate in a binding-screw or lead direct to the 
depositing vessel. The "couple" is then ready 
for immersion in the dilute sulphuric acid, which 
may be contained in any convenient vessel. Round 
glazed earthenware pots to contain about six gal- 
lons are best adapted for the immersion of single 
couples. These jars are easily procurable, and 
are chiefly manufactured for the English market> 
expressly for batteries, by Messrs. Doulton, of 
Lambeth. 

In some establishments, however, when the 
plates are of a larger size it is found best to 
arrange the requisite number in a teak trough 
lined with gutta-percha, lead, or cement. A very 
cheap and good kind of battery-containing vessel 
may be made from teak, well jointed and thoroughly 
coated inside with marine glue (p. 148). 

The strength of dilute sulphuric acid generally 
employed as an excitant for the Smee battery is 
one part (volume) of sulphuric acid to ten parts of 
water. Additional information necessary for the 
working of Smee batteries will be found further on 
(p. 61). 
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Double-Fluid Cells. — ^The cells previously spoken 
of are all excited by one fluid only, but much 
greater constancy and regularity of current is 
secured by the use of two liquids, separated by 
a porous partition. 

It is, indeed, remarkable that the double-fluid 
cells, with all their advantages, have not been so 
extensively employed for electro-typing purposes 
as those of the more simple construction. The 
cause doubtless lies in the fact that double-fluid 
cells were not known so early or so well as Wol- 
laston's and Smee's, for had Daniell's type of gene- 
rator been universally understood by electrot)rpers, 
Smee's would have long ago given place to it, to 
the advantage of both man and art. Several 
electrotypers have, it is known, tried the Daniell 
and Bunsen cells, and some have given them up 
in favour of Smee's. This was due, no doubt, to 
the fact that the double-fluid cells were not under- 
stood or worked with that skill which should be 
part of the art of the electrptyper. 

That no cell yet invented can compete with the 
Daniell for constancy in working, and great power 
to keep up a given current, few who are acquainted 
with the question will deny, and that it is quite as 
cheaply maintained as the Smee, even electro- 
typers will readily admit, while its first cost is 
obviously a trifle. 

A Daniell cell for the purposes of the general 
electrotyper can be made up from very ordinary 
materials. The outer vessel is of the usual glazed 
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earthenware, to contain about eight gallons of 
liquid ; the inner one, half its internal diameter, of 
porous ware. In the outer cell is placed a roll of 
sheet copper in a solution of cupric sulphate, and 
in the porous vessel a cylinder or large rod of 
amalgamated zinc, in the usual dilute sulphuric 
acid. Zinc rods for Daniell cells may be cast from 
any scraps at hand. A smooth and slightly 
tapering tube, oiled within, should be used as a 
mould, as it is important to secure as smooth a 
surface as possible, otherwise it is almost impos- 
sible to effectually amalgamate cast zinc. 

It is almost needless to point out the obvious 
advantages, such a combination pres ents to the 
electrotyper. The salt and excitant are of a kind 
constantly in use in his business and are therefore 
cheap, as they are purchased in quantity. The 
nretal he is also acquainted with. The battery is 
not half so wasteful of zinc as Smee's, and its 
positive element may be amalgamated with greater 
ease. It may be excited by a solution of common 
salt, or even sulphate of zinc, and exhibits a con- 
stant and vigorous current with all excitants. 
Its first cost is about one-tenth that of Smee's. 

Some electricians prefer to place the zinc in the 
larger receptacle, and the copper in the porous cell. 
In either case the cell will be found to keep in 
action for days together without any attention, and 
when weakly charged has been known in the 
author's experience to deposit copper from a bath 
for a full month without once being looked to. 

E 
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In order to secure these desirable results it is 
necessary to caution the reader to avoid the mis- 
takes made by others of his art, by following the 
hints given herewith. 

Heat both top and bottom of the porous cell and 
paint over about half an inch with japan varnish 
or hot pitch. Treat the top of the zinc and copper 
cylinder similarly. Observe that the copper cylin- 
der cannot touch the porous cell. Observe also that 
the zinc is suspended in the porous cell by means of 
a wooden cover or a bar of wood across the top ; 
the zinc must not rest on the bottom of the cell. 
Never allow crystals of cupric sulphate to lie in 
the bottom of the outer vessel, and preserve it's 
solution at a constant strength by adding crystals 
to a quantity kept upon a circular shelf made on 
the copper cylinder. Do not allow the crystals to 
come in contact with the porous cell. Keep the 
liquid in the porous cell a little higher than that in 
the outer cell. Examine and clean the zinc rod 
when it becomes dirty. Chip off any nodules of 
copper that may appear upon the exterior of the 
porous vessel, and cover the spot with a touch of 
varnish. Thus, with less attention than is given 
to a Smee cell, the Daniell will yield a stronger 
and a more constant current, producing copper of 
very superior texture and toughness. For general 
information regarding the Daniell cell the reader 
is referred to pp. 59 — 62. 

Bunsetis cell (Fig. 4) is more generally applicable 
where a very strong current is required, as for "steel 
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facing" and the deposition of brass and nickel. 
Its construction is similar to Daniell's, but the zinc 
occupies the outer vessel, in diluted sulphuric acid, 
while the negative element is of gas carbon (p. 41) 
in the form of a square or round bar, placed in the 



porous vessel, which is nearly filled with strong 
nitric acid. 

The current yielded by this battery is very 
vigorous, because the internal resistance is very 
low, probably not one-twentieth of that exhibited 
by an equal-sized Daniell cell. When fully chained, 
its action continues almost constantly for four or 
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five hours. Much care is necessary to keep the 
zinc amalgamated, and to avoid allowing any of 
the nitric acid to drop into the outer cell, because 
it sets up destructive local action. The carbon rod 
should be headed with an electro-deposit of copper 
as suggested at p. 42, and should likewise be well 
protected around the heading by repeated coatings 
of pitch, applied while hot. The first cost of the 
Bunsen cell is comparatively low. A pair of them, 
of two-gallon size, usually provides ample strength 
of current for the steel-facing process, as well as for 
brass and nickel. 

A very usefiil, cheap, and clean battery may be 
made by simply charging the Bunsen differently ; 
thus, place in the porous cell a saturated solution 
of bichromate of potash, strongly acidulated with 
sulphuric acid, and in the outer vessel a solution of 
common salt. The force of this combination is 
very high, while the resistance is less than that of 
the Daniell cell; it is more cleanly than the 
Daniell, but in constancy of current it is inferior. 

Grovels cell is in some respects superior to, and 
is more compact than, Bunsen' s, but its first cost is 
very high, by reason of the" price of the platinum 
plate employed in place of the carbon block. It is 
usually made in the form of flat cells, and may be 
employed in any work where a powerful current is 
necessary. 

Carbon and Zinc Douhle-Fluid Cells, — ^The efii- 
ciency of these batteries, several forms of which 
have recently been introduced, is chiefly due to the 
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excellent depolarising qualities of the bichromate 
of potash employed. The electro-motive force is 
equal to that of the Bunsen battery, and the internal 
resistance is comparatively small. 

From the experiments and observations the 
author has been able to make, it would appear that 
a really good cell for iron deposition can be gene- 
rally employed, made on the one-fluid principle, at 
a cost very much under that of Bunsen cells. The 
proposed battery can be made by clamping a pair 
of carbon plates, one on either side of a zinc plate, 
after the construction of a Smee. The excitant 
which has been found to answer best is known as 
Anderson's salts, which the inventor has described 
in his patent as made by adding oxalic acid to a 
solution of bichromate of potash until effervescence 
ceases, and then slowly evaporating the solution, 
when the crystals of the oxalate of chromium and 
potash will be obtained. These salts are, however, 
obtainable commercially. This is used with both 
single and double cells. To charge the single cell, 
this salt is dissolved in water strongly acidulated 
with hydrochloric acid along with a few crystals of 
the bichromate. The current is very vigorous and 
well sustained. 

The double-fluid cell is, however, preferable on 
account of its long-continued action. A porous and 
an outer cell are employed. The zinc, in the form 
of plate or rod, is placed within the porous cell, in 
a solution of muriate of ammonia, and the carbon, 
in the form of a plate, occupies the outer cell, in a 
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solution of the salt described above in connection 
with the single cell. 

When the solution in the outer cell begins to 
show signs of weakness, more crystals of bichro- 
mate of potash should be added. The inventor, 
however, describes in his patent an ingenious 
arrangement, by the aid of which the crystals may 
be made to add their strength to the battery as fast 
as is required, and by which the strength of the 
cell may to a great extent be regulated. It consists 
of an earthenware or glass tube, covered at the 
lower end with platinum gauze and containing the 
crystals ; this tube is clamped at such height within 
the cell as to allow the salt to dissolve fast enough 
to supply the consumption ; its action thus depends 
upon the greater or less depth of crystals below 
the surface of the solution. 

These cells, although they have not as yet been 
extensively tested and used in electro -typing, ex- 
hibit every good quality applicable to the practice 
of the art, and well deserve a careful trial by all 
electrotypers. The electro-motive force is slightly 
higher than that of Bunsen's cell. (See also p. 63.) 

Condiictors from Batteries. — Copper is universally 
employed for the conductors between the plates of 
batteries, and between the poles and the vats. It 
is very flexible and ductile, cheap, easily obtain- 
able, and forms one of the best conductors of elec- 
tricity. It is generally employed in the form of 
straps, or stout wire, as main conductors between 
the battery and vat. Thin wires should never be 
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used, because they offer a high resistance to the 
current and consequently retard its passage. Copper 
wire of the No. 10 size, by the Birmingham wire 
gauge, is well suited to most purposes, but straps 
are often considered more convenient in use ; they 
should never contain less copper per foot than a wire 
of the above size. The sling wires will be spoken 
of at greater length in connection with the vat fit- 
tings, but it may be here mentioned that No. 10 
copper wire is a suitable size. 

One very important point to be observed is that 
the conductors make absolutely clean metallic contact 
with the terminals of a battery, otherwise much 
power may be wasted on the resistance offered by 
a dirty connection, as it has been shown that dirt 
or oxides offer an enormous resistance to the pas- 
sage of a current. In the case of employing long 
leading wires, as from batteries situated at some 
considerable distance from the depositing vat, the 
wires should be still stouter, or two twisted together 
employed. In connection with this, it may be 
useful to state that the resistance of a conductor 
increases directly with its length, and varies in- 
versely as the area of its cross section. No. 10 
wires, or straps of equal weight per foot, may be 
employed between battery and depositing vessel 
over any distance not exceeding 100 feet. The 
resistance of this length (100 feet) will be about 
one-fifteenth of an ohm, or less. 

All conductors between battery and vat should 
be insulated with gutta-percha, or tarred twine. 
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Cotton-insulated wire, baked and steeped in melted 
(solid) paraffin, forms a damp-proof and inexpensive 
conductor. 

Terminals. — ^These are the various kinds of con- 
necting screws employed by the electrotyper 
(Fig. 5). They are made so as to clamp the conduct- 
ing w^ire to the pole in order to provide a good 
electrical contact. As a rule terminals are screwed 
or soldered to the elements of a battery. The chief 
thing to observe is that they shall make perfect 

metallic contact 
with the plates, and 
that the subsequent 
action of the battery 
shall not corrode the 
contact. Clamps 
are usually of brass, 
like screws, but in 
some cases it proves 
more economical in 
the end to employ copper clamps. All terminals 
should be fitted with thumb-nuts large enough to 
allow a good pressure to be exerted in screwing 
them down upon the wire. 

Zinc for Voltaic Batteries. — ^Whenever possible, 
stout rolled Belgian zinc should be used in bat- 
teries. Cast zinc is not only much more likely to 
contain impurities, but its surface is usually so bad 
as to preclude the possibility of amalgamating it 
(p- 57)' Sheet zinc, suitable for batteries, should 
never be thinner than one-eighth of an inch, but it 
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Fig. 5.— Battery Terminals. 
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may be thicker with advantage. As received from 
the rolling mill its price may be reckoned at about 
fourpence per pound. As the amount of zinc dis- 
solved in the battery bears a proportion to the 
weight of metal deposited in the vat, it may be 
assumed that the battery plates do not last long 
when in constant use ; it is, therefore, economy to 
keep a large quantity of plates in stock, cut to size. 

To cut Zinc, — Zinc may be readily divided to the 
required sizes by first marking off the dimensions 
in lines, deepening these with a scratch or two of a 
graver, and running mercury into the cut, when the 
plate may be readily broken over the edge of a 
table. If any difiiculty be experienced it may be 
removed by repeating the process on the opposite 
surface. 

To lend Battery Zincs. — This metal exhibits the 
peculiar property of softening very readily by a 
slight increase of temperature. Therefore zinc 
plates just taken out of boiling water may be easily 
curved and bent to the required shapes over a 
former of wood or iron; a wooden mallet is also 
useful to the workman in curving the cylinders. 

Amalgamation of Zinc. — ^This process is very 
simple, but it is of the greatest importance. If 
absolutely pure zinc could be obtained for batteries, 
the necessity for amalgamation would not render 
itself manifest. If any foreign ingredients are 
present in the zinc the action of the battery is 
seriously interfered with, and great waste goes on. 
The impurities found in zinc are commonly com- 
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pounds and particles of iron, tin, and lead, which 
set up miniature local cells with the other parts of 
the zinc plate by reason of the electrical relations 
existing between them (p. lo). To prevent the for- 
mation of these minute and wasteful local currents, 
a coating of mercury is spread over the zinc (which 
" takes" the mercury readily), forming an amalgam ; 
this coating serves to connect the zinc and im- 
purities in one whole conducting surface, and pre- 
vents the differences of electrical condition from 
manifesting themselves. 

To amalgamate the plates it is necessary first, if 
the plates be new, to wash them in hot caustic soda 
solution, so as to remove the greasy film imparted 
to them at the rolling mills. A flat vessel is then 
partially filled with dilute sulphuric acid, and upon 
it is also poured a little of the best quality of 
mercury procurable. The plate is dipped in the 
liquid and the mercury rubbed on with a pad of 
tow or other suitable substance. The workman 
should take particular care to cover every portion 
of the surface. When the plates present a uniform 
silvery appearance they may be set upon edge to 
drain, after which they are ready for placing in the 
battery. Much care should, of course, be taken to 
insure that only pure, or nearly pure, mercury 
shall be employed, as mercury adulterated with 
lead and other metals will frequently be found to 
do more absolute harm than good. 

Copper Plates for Batteries. — Sheet copper, about 
-gijnd of an inch in thickness, is almost universally 
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employed as plates and cylinders to form negative 
elements in batteries where copper is used. The 
copper cylinders of Daniell cells may be even 
thinner than usual, as, instead of wasting away, 
they continually increase in stability, by reason of 
the added deposits of copper. Elements of this 
metal, in whatever battery they play the negative 
part, should be kept clean and bright. Those of 
Danieirs cells are always sufficiently clean while 
the combination is in action. Dirty copper plates 
or cylinders may be effectually cleaned by heating 
to redness and plunging in dilute sulphuric acid ; 
rubbing with a wire card is also very effectual. 
The various shapes required are readily cut from 
the copper sheet by means of shears. The metal 
"takes" solder readily; the flux employed should 
always consist of resin. 

Containing Vessels for Batteries. — ^The best vessels 
for use in the electro-typing laboratory are of brown 
glazed stoneware. For the' separate cells, where 
one pair of elements occupies one vessel, cylindrical 
pots, suitable for Daniell, Bunsen, and Smee cells 
are well adapted. They are procurable in sizes 
to contain from a pint to many gallons of exciting 
liquid. 

In cases where a number of moderate-sized plates 
are employed, to give a Smee or other cell of very 
large total surface, troughs of lined teak wood 
answer very well. 

Porous Vessels for Batteries. — ^All necessary sizes 
of porous cell are now procurable. They are made 
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from red or white earthenware, and are unglazed ; 
they thus allow the current to pass, but separate 
the two liquids employed. Much care should be 
bestowed upon the selection of these cells, for upon 
the kind and quality of cell materially depends the 
internal resistance (p. 13) of the battery, and also 
its capability to maintain a current at a given 
strength. For Daniell cells, to remain in action 
for considerable periods, the white variety is best 
adapted, because they are somewhat hard, and 
prevent the two solutions from readily inter- 
mingling. In Bunsen batteries the red cells may 
be used with advantage, because they are generally 
soft, and offer little obstruction to the passage of 
the current during the periods over which the cells 
are in action. Porous cells may be procured in both 
cylindrical and flat shapes, to suit the different forms 
of generators. All cells should be tested for porosity 
before being used in the battery ; each one should be 
filled with water, and the effect upon the exterior 
surface noted. If the water should run off, the cell 
is too porous for any purpose, but if it appear as a 
heavy dew upon the exterior in the course of an 
hour or so the vessel may be considered fit for use in 
Bunsen batteries ; the hardest cells, through which, 
however, the water should appear in time, may be 
employed for the more constant Daniell and bichro- 
mate batteries. Some of the best cells are glazed 
around the bottom and around the brim. This is 
a great advantage, and should be universal, as it to 
a great extent prevents the creeping effects of 
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endosmose from bringing copper into the zinc 
compartment. 

Solutions for Batteries, — The exciting liquid in 
most batteries is diluted sulphuric acid, in which 
the amalgamated zinc element is immersed. The 
strength of this mixture depends upon two things : 
the quality of zinc and the state of amalgamation. 
The strength varies also according to the amount 
of current required. Really good zinc, well amal- 
gamated, will stand a very strong acid mixture 
without wasting, but bad zinc, poor in mercury, 
will waste in the weakest liquid. The actual 
strength employed may be taken to vary from one 
volume of acid to thirty of water to one of acid to 
six or eight of water. For use in Smee and Daniell 
cells a good strength is one to ten. In Bunsen 
cells it may be as strong as one to five, if the amal- 
gamation be in good condition. 

The sulphuric acid employed should be of the 
best quality only, but even this frequently contains 
small quantities of nitric acid, which is very destruc- 
tive in the zinc compartment. To detect nitric 
acid, dissolve indigo in pure sulphuric acid, and 
add this solution to the suspected sample, boiling 
the mixture. If the indigo should disappear in the 
boiling, nitric acid may be assumed to be present. 

It is always false economy to use any quality but 
the best nitric acid for Bunsen's negative cell. The 
most concentrated should be employed, and it 
should also be free from hydrochloric acid. Good 
nitric acid may be used to charge the cell three or 
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four times ; that is, supposing the battery to be set 
up now and again for iron facing purposes, perhaps 
occupying half an hour at each operation. After 
the first time of using the acid is found to have 
turned to a reddish colour. When again used it 
may turn to green, and finally to a clear liquid. 
After this it is useless, and may be thrown away. 

The various solutions of salts employed in the 
batteries described or mentioned in this book 
should, it may be generally assumed, be as pure as 
possible. Information regarding cupric sulphate, 
for use in Daniell's cell, will be found at p. 31. As 
the strength of a battery to a great degree depends 
upon the state of its solution, attention should be 
paid at intervals to the liquids and to refresh them 
with new crystals. 

In the action of the Smee, Daniell, and some 
other cells, the sulphate of zinc formed in the pro- 
cess gradually accumulates in the solution until it 
becomes quite thick and heavy. This condition 
can only arise from complete want of attention, and 
in porous cells especially should be avoided. When 
the sulphate of zinc is allowed to accumulate in 
quantity, it offers great resistance to the current, 
and should be withdrawn in part or whole as the 
occasion may require. Smee cells in fiiU constant 
work generally make the solution quite heavy and 
unfit for work in a week or less, but much depends 
upon the attention paid to it, such as adding a little 
water, removing the zinc plates and washing them, 
adding a little acid, and so on. 
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Local Action in Batteries. — This term is sufficiently 
comprehensive, and has been explained at p. 58, 
in connection with the subject of amalgamation. 
Local action always exhibits its effects in the form 
of dark patches upon the clean amalgamated sur- 
face. These spots will be found partly honey- 
combed, and a difficulty is very frequently expe- 
rienced in covering them again with mercury. In 
order to avoid altogether the worst effects of local 
action, the plates should be amalgamated frequently. 
Zincs several times amalgamated, however, should 
be handled carefully, because they become very 
brittle. The residue of the mercury left in the 
bottom of battery jars should be preserved for future 
use. Much care should be taken, when the zinc 
plates are frequently amalgamated, to avoid allow- 
ing any mercury to touch the silver, which it renders 
liable to crack. 

Electro-motive Force of Batteries, — The electro- 
motive force of some of the more useful batteries 
here mentioned may be judged of from the follow- 
ing figures from Latimer Clark's " Electrical 
Measurement " : — 

Grove's 100 

Bunsen's 98 

Danieirs 56 

Smee's (when not in action) ... 57 

Smee's (when in action) about ... 25 

Copper-and-zinc cell 46 

The current^ with which the electrotyper is chiefly 
concerned, will depend in a very great degree upon 
the resistance (internal) of the cell. This may vary 
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from one-tenth of an ohm (p. 8) in large Bunsen 
cells to four or five ohms in Daniell cells. It will 
be observed that the force of the Smee cell is much 
higher when tested with the negative wire put to 
earth and the positive wire connected to a conden- 
sing electrometer, than when the circuit is actually 
closed in useful work. 

In this treatise a full statement of the relations 
existing between electro-motive force resistance and 
current cannot be given ; for such information the 
reader is necessarily referred to some good text- 
book of electricity. It may be useful, however, to 
give a few particulars concerning the cells with 
which the electrotyper is likely to deal. 

It must always be borne in mind, in calculating 
battery power for any given work, that the 
electro-motive force and the resistance determine 
the current. Thus, a cell of high electro-motive 
force and low resistance will give, through a good 
conductor, a much stronger current than a cell of 
equal force but much higher resistance. Hence, 
one Bunsen cell, by reason of its small internal 
resistance, will yield, in a circuit ot low resistance, 
a much stronger and more effective current than 
two Daniell cells coupled together, but the latter, 
in a circuit of high resistance, would do more work 
than the Bunsen cell. The most common and 
comprehensive expression relating to these laws is 
that the external [interpolar) resistance should equal 
the interruil resistance. 
Hence, batteries of comparatively high internal 
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resistance may with economy be employed in all 
electro-typing work of high resistance, and where 
the surface to be coated is but an indifferent 
conductor, such as blackleaded gutta-percha or 
wax. 

Electro-motive force should be regulated to suit 
the resistance, but in most cases the E.M.F. of one 
Smee or Daniell cell will prove suflBlcient in copper 
depositing. "When, however, the mould to be de- 
posited upon is of an undercut design, and therefore 
presents much resistance, requiring pushing power 
in the current, it is necessary to employ two Smee 
or Daniell cells, or two of the zinc-carbon bichro- 
mate type described at p. 52. 

To increase or double the eledro-moHve force^ the 
pairs must be separate and distinct from each other, 
and not mounted in one trough or cell. Then, by 
simply connecting the copper (or silver) of one 
pair to the zinc of the other, and taking the leading 
wires for the vat from the remaining zinc-and-copper 
(or silver plate) terminals, the force is doubled. It 
must be remembered, however, that the effective 
size of the battery remains as one cell, and is not in 
any way increased. TYie pushing power of one cell 
has been added to that of a second, but the power 
to yield a current remains as for one cell. The 
internal resistance has been doubled ; that is, both 
resistances have been added together, and conse- 
quently the combination of two cells is more power- 
ful against high resistance than one cell. Electro- 
motive force may thus be increased to any required 

F 
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extent by continuing to join up cells as above, or 
in serieSj as it is termed. 

The reader, on consulting a good text-book of 
electricity, will find that the electro-motive force of 
a cell is expressed in terms of a unit of force, called 
the " volt," from Volta. This electro-motive force 
is only slightly less than that of one Darnell cell; in 
fact, the Daniell cell is frequently taken as equal to 
one volt. Now, if we employ a volt force (the unit), 
or one Daniell cell, and arrange the size so as to 
give a very small internal resistance, we may as- 
sume that in electro-typing we have a resistance of 
one ohm (the unit of resistance, equal to about 6 
feet of 36 gauge copper wire), and our current will 
therefore be equal to one weber per second (weber, 
the unit of current, or quantity), and the result will 
prove that we are depositing copper al the fate of 
1 7 grains fer hour. 

This can actually be done by employing a pretty 
large Daniell cell, and a good conducting solu- 
tion. Therefore, the electrotyper can calculate very 
nearly how much copper he can deposit per day, 
when he has a good idea of his total resistance. 

It may prove useful to the reader to give in terms 
of the unit, in connection with the above statement, 
a list of the forces exhibited by the different cells 
he is likely to employ in his art. The figures may 
prove of use also in gaining a rough estimate of the 
work being done in the circuit. But it should be 
borne in mind that all particulars relating to the 
laws of the circuit given herewith, are intended to 
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be studied in connection with those in some such 
work as Jenkin's ''Electricity and Magnetism" 
(Longmans), and not to be taken without further 
inquiry into the actual causes at work in the electric 
circuit. 



Cells. 



Daniell . 

Smee (not in action) 

„ (in action) 
Copper-and-zinc 
Bunsen . 
Bichromate carbon cell (p 



53) 



Probable internal 

resistance. 

[I gallon size). 



1*5 ohm 

•5 » 
•5 » 

•6„ 



Electto-motive force 
in volts. 



1*079 
1*098 
•482 
•886 
1*964 
2*028 



To increase current or quantity^ it is only necessary 
to enlarge the cell, or, which comes to the same 
thing, join up two or more cells in parallel circuit ; 
thus all zincs to one electrode and all coppers to 
the other. When a cell is doubled in size, its re- 
sistance is halved. Then the resistance is in direct 
ratio with the- surface of plates active in the cell 
(provided, of course, that the liquid shall always 
remain the same, both in conductivity and space to 
be passed through). 

" Making up " Batteries.^ — Much space is usually 
devoted in works on electricity to the subject of 
joining up cells in series and parallel circuit, and 
to the discussion of effects from batteries differently 
arranged. These instructions, although they are 
merely extensions of the rule for increasing the 
electro-motive force at p. 65, and also that upon 
which the quantity of current depends, as above, 
are very useful to those who employ considerable 
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numbers of cells in their operations. The electro- 
typer, however, seldom has occasion to use more 
than two cells to gain the force he requires, so that 
particulars relating to numerous cells would be 
misplaced here. The force of current required for 
the several specific purposes mentioned in this 
treatise is clearly stated in the section devoted to 
"The Depositing Process," Chap. VIII. 

Care of Batteries. — ^The economical management 
of his battery is a matter of much importance to the 
electrotyper, since zinc and excitants are expensive, 
and because irregular working not only leads to 
inferior work, but to costly waste. 

With special reference to the Smee cell, care 
should be taken to remove the plates from the solu- 
tion when the day's work is over, and to examine 
and wash them. They are examined chiefly to find 
whether the amalgamation has failed, and to detect 
marks of local action. Black patches should be 
scraped clean and re-amalgamated. 

The exciting solution should be stirred at least 
once in every two days to equalise its density, and 
a small quantity of sulphuric acid and water added. 
It may then be used until it becomes of an oily 
consistency, which will be indicated by the zinc 
sulphate crystallizing upon the plates. The silver 
plate should be replatinised about every four or five 
months, according to the duty it performs. 

In the use of sulphuric acid for batteries, it is 
highly important to avoid pouring water into acid, 
as this frequently causes an explosion dangerous 
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to the eyes. Acid should always be added to 
water, and this not too fast, because great heat is 
spontaneously produced. 

Porous cells, whenever used, should, as often as 
practicable, be kept soaking overnight in water to 
clear out the pores, which are apt to get clogged 
up with crystallized salts. The crystallization of 
salts will also crack cells that are allowed to become 
dry for any considerable length of time after use. 
All porous cells permit of the gradual intermixture 
of the two separated liquids in batteries. This is 
called endosmosCy and is the chief cause of the 
failure of current in the Bunsen cell after a few 
hours' work. The word endosmose is also used in 
this work to indicate the peculiar creeping action 
of crystallized salts, especially in reference to the 
Daniell cell. 

Cost of Battery Working. — ^Theoretically, an equi- 
valent of copper should be deposited for each equi- 
valent of acid and zinc consumed in the battery, 
so that, according to this rule, all cells should 
cost, in working, the same price. In practice, 
however, this is never attained, and it then be- 
comes a question which is the most economical 
cell with which copper may be deposited. 

Laying aside the fact that the silver in Smee's 
cell is gradually destroyed, this type of gene- 
rator may be taken to be as inexpensive in work- 
ing as any, but the deterioration of the silver plate 
raises its cost to something much higher than that 
of the Daniell or carbon-and-zinc bichromate cells. 
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Five shillings a year may be reckoned as about the 
cost of silver in a very large Smee cell. The 
Daniell cell might, however, exhibit an equal 
expense for porous pots, if carelessly attended to. 
But apart from the silver plates and porous cells, 
the question turns upon the consumption of zinc 
and sulphuric acid, these being the two chief sub- 
stances used in most voltaic batteries. 

Absolutely correct working is never attained; 
indeed, it would be easy to prove that from the very 
nature of the operation of batteries it never can be 
attained ; but we can still determine within narrow 
limits the amount of copper which we ought 
reasonably to expect to realise by the expenditure 
of a pound of zinc and acid in the battery. For 

every equivalent of zinc (— = 32*5 parts) and 

every equivalent of sulphuric acid /— = 49 parts I 

expended in the battery, we should, theroetically, 

be able to obtain one equivalent/ -^= 3 1 75 parts ) 

of copper in the electrotype. Thus one pound of 
zinc (nearly) should give us one pound of copper,* 
but the usual consumption in the best batteries 
now used exhibits a discrepancy of nearly half a 
pound ; hence from one and a quarter to one and a 
half poimds of zinc will be consumed to each pound 
of copper deposited, besides the consumption or 
absorption of sulphuric acid in due proportion. 

It may readily be deduced from these observa- 
tions that the deposition of one pound of copper 
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will cost US, with zinc at fourpence per pound and 
sulphuric acid at three half-pence, about sixpence 
for electricity alone. Thus the total cost of an 
electrotype plate by battery current, weighing one 
pound, would not be, and in practice is not, less 
than two shillings. By dynamo-electric machines 
the cost would probably be less than one shilling 
and sixpence. 

Thermo-Electric Batteries.— In several in- 
stances where heat is either obtainable without 
expense or at a merely nominal cost, thermo-elec- 
tric batteries are employed, especially in France, 
with advantage. In the practice of the art on a 
large scale, however, the first cost of the thermo- 
electric piles places them in a position inferior to 
that occupied by voltaic batteries or dynamo-elec- 
tric machines. 

Principles of the Action in Thermo-Electric Batteries, 
— When two dissimilar metals are placed so as to 
touch each other, their opposite extremities being 
connected together by a wire, a current of electricity 
will pass through the wire so long as heat is applied 
to their point of contact. If the opposite extremities 
are artificially cooled, the current will prove more 
vigorous. This forms a thermo-electric pair ^ and in 
most respects it resembles a voltaic pair. A com- 
bination of two or more pairs forms, as usual, a 
thermo-electric battery. 

The metals which have been found to exhibit 
this property in the greatest degree are bismuth 
and antimony. Bismuth is found to be the positive 
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metal of the pair, and the current, therefore, passes 
across the heated junction to the antimony, which 
is negative. These metals, however, offer certain 
disadvantages in the construction of thermo-electric 
batteries, and have been replaced by others in 
various types of construction. 

Clamond's Thermo - Electric Battery. — This is 
probably the best and most compact pile yet intro- 
duced; and where gas, whether from coal or light 



Electric Battery. 

hydrocarbons, is cheap, it may be employed with 
advantage. 

The metals used by M. Clamond are, for the posi- 
tive, ordinary tinned sheet iron, and for the negative, 
an alloy of antimony two parts, zinc one part. Each 
element is made up from a flat thick bar of the alloy 
(usually three-fourths of an inch thick, according to 
the size of each element) about three inches long, 
to which is connected in the casting, at one end, 
a flat strip of the tinned iron, which (Fig. 7) extends 
outwards to the opposite extremity of the bar, but 
is not connected to it. Several of these pairs are 
arranged in a circle on a temporary frame, all 
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their junction ends being towards the centre, while 
the free end of each tinned-iron strip is connected 
to the end of the bar succeeding it. In this 
manner a circle of elements is connected together 
in a way similar to the joining up of batteries in 
series (Fig. 7). 

Several of these circles are laid one above the 
other, the separation between them being formed 
by a coating of powdered abestos and a solution of 
silicate of potash. When the pile is thus built up 
it is secured by cast-iron rings and connecting 
rods in a compact form. The elements are ar- 
ranged like the spokes of a wheel, so as to give 
free eflFect to radiation. The central aperture 
common to all the layers ot element rings is 
utilised as a chamber in which the junctions may 
be heated by gas. 

A perforated tube of porcelain ascends into the 
chamber. The gas is passed into the tube, mixed 
with air, bums in blue jets through the perforations, 
and keeps the junctions of the elements at a 
uniform temperature (Fig. 8). 

These piles are obtainable commercially. One 
of the large* ones, burning ten cubic feet of gas per 
hour, will, the inventor states, when coupled for 
quantity, deposit about one ounce of copper per 
hour. This, of course, refers to copper deposited 
upon a metallic anode, and certainly cannot be 
done upon blackleaded moulds at half this speed. 
The inventor gives th^ electro-motive force of the 
100 bar pile as 5 volts, when coupled for quantity. 
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This is a very good result, and as the internal 
resistance is only a little over i ohm, it will be 
observed that such a thermo-electric battery is 
equal theoretically to about four Smee cells of two- 
gallon size, coupled in series. 



ng. a.-5ection of CUmond'a Tlienoo-Electric Battiry. 

Noe's ThermO'Electric Pile consists of small 
cylinders of an alloy of zinc and antimony as posi- 
tive, and rods of German silver as the negative 
element. Mr. Gore, F.R.S., who has made some 
experiments with these piles, reports in their favour, 
stating that twenty of the pairs yield a current 
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and electro-motive force equal to one Bunsen cell 
of about quart size. This combination would 
thus deposit about twenty grains of copper per 
hour. 

Although electroplaters and typers have taken 
up these piles and have tried them, it has not been 
done with that vigorous spirit of progress which 
would lead their inventors to devote renewed 
energies to their improvement. There can be no 
doubt that these piles can be very materially im- 
proved and diminished in first cost if the users of 
batteries would only give their inventors encourage- 
ment. 

The chief advantage of the thermo-electric battery 
lies in the fact that once set up carefully it needs 
little or no attention, as the gas has only to be 
turned on and ignited to set it in action. It has 
not, to the author's knowledge, been determined to 
what extent these generators deteriorate by long 
continued use, but it is sufficiently clear that, 
although higher in first cost than batteries, they 
promise well to be a cheaper and cleaner source of 
electricity. 

Dynamo - Electric Machines . — These ma- 
chines, although they are frequently indispensable 
in the deposition of large weights of copper, and in 
the abstraction of that metal from ore, will pro- 
bably never wholly replace voltaic or thermo- 
electric generators, because to actuate them either 
steam-power or its equivalent, as gas engines or 
water motors, must be employed. Very many 
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electrotypers are unable to obtain or afford this. 
The cost of depositing copper by the dynamo- 
electric machine is very low, which soon repays 
the first cost of the machine in establishments 
where plenty of work can be constantly provided. 



Fig. 9. — Gramme's large Machine. 

Thus a good machine, requiring the driving power 
of a small gas engine, or from two to three horse- 
power, may be made to work two or more vats of 
solution at once, the current being divided between 
them in the ratio of their resistances. 
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All the dynamo-electric machines mentioned in 
this volume (p. 87) yield a very strong current, and 
may be made to produce numbers of electrotypes 
with great rapidity. Some of the machines pro- 
duce currents equal to those from thirty large 
Bunsen cells. In the frontispiece are represented 
Maxim's and Weston's machines, adapted for 
electro- typing. Figs. 9, 10, and 11, represent 
Gramme's large and small machines and Wilde's 
long-armature machine. 

Provided that there is an abundance of work to 
do, there is no more economical source of the large 
currents required than a good dynamo-electric 
machine. The first cost varies from £^0 to ^100, 
and upwards. This is speedily recovered when 
the apparatus can be kept at full work. The cost 
of maintenance, apart from motive power, is a mere 
trifle, as nothing is consumed in the action. 

The currents produced by these machines are 
derived from electro-magnetic force ; they are, in 
short, the effect of the motive power expended, as 
current electricity. A full statement and explana- 
tion of their action will, however, be found in the 
author's treatise on " Electric Light " (Lockwood & 
Co.), to which the reader is referred for special 
information respecting them. Much care should 
be devoted to the selection of a dynamo-electric 
machine to suit the work to be done. Some general 
directions will be found respecting this in the 
present section of this volume. 

Establishing a Dynamo-Electric Machine. — Ma- 
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chines which require from three to ten horse-powef 
to drive them are usually of a heavy description, 
and should be bolted either to wood beams secured 
to the earth or to masonry ; the chief point is to 
secure a reliable fixture for such heavy machines, 
so that the vibration attendant upon high speeds 



may be reduced to a minimum. Much care must, 
however, be taken to set the machine in a dry 
situation, because damp not only attacks its naked 
iron work, but frequently penetrates and injures 
the insulating covering of the wires. Smaller 
machines than the sizes above specified may ad- 
vantageously be fixed securely to a raised bench 
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near to a wall, or to a stout wooden framework 
raised two or three feet fi^m the floor level; it is 



important, however, to avoid a weak base-work as 
much as possible, because a shaky machine frame 
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frequently sets the whole workshop into violent 
vibration, besides giving rise to much noise. 

Most machines are simply provided with a fast 
pulley, so that in cases where the necessary 
counter-shaft is not sold with the machine, as in 
Gramme's apparatus, it is necessary to select a 
fast and loose pulley arrangement, of a size suited 
to give the required number of revolutions per 
minute to the machine. Broad and well-stretched 
bands should be employed, so that the tendency to 
slip may be reduced to a minimum. The number 
of revolutions given by the main shaft or engine 
should be calculated in relation to that run by the 
counter-shaft, and the relative sizes of both pulleys 
should then be considered to give the stated num- 
ber of revolutions as an average, while the machine 
is at full work depositing copper. 

Motors for Dynamo - Electric Machines. — The 
steam-engine is the best and cheapest motor for 
these machines, but both gas engines and water- 
motors are used. The chief peculiarity of the 
dynamo-electric machine is that to secure steady 
currents it must be driven steadily. This, however, 
in electro-typing may to a certain extent be over- 
looked. A gas engine which is not a very steady 
motor answers the purpose; those of Crossley 
Bros, are, probably, the best yet tried. Both gas 
and steam-engines should have a good margin of 
power over that absolutely required for driving 
the machine. 

In many cases the machines may be situated 



SOURCE OF ELECTRICITY. 8 1 

near to a neighbour's engine, and the conductors 
led into the electro-typing room. This is frequently 
done. Sometimes the machine is fixed in a build- 
ing 300 yards away, and the conductors led over 
the roofs, or along walls, to the depositing room. 
Most owners of steam-power have a sufficient mar- 
gin of force to drive one or two machines, and the 
trouble is nothing, because the machine requires no 
attention except oiling and examination of the 
commutator every two days, while the cost to the 
electrotyper would be but a fraction of that neces- 
sary for the maintenance of batteries. Most news- 
paper engines are idle throughout the day, and 
many of them are hired for the driving of these 
machines, or employed by the owners themselves 
in this way. 

Care of Dynamo-Electric Machines, — ^The first and 
most important precaution to be observed in the 
use of these machines is, never allow them to ru7i on 
short circuity because the excessive heat immediately 
produced in the coils frequently ruins the insu- 
lation. 

The only other observances are, attention to the 
collecting brushes and oiling. 

The brushes are two bunches of copper wire or 
sheet, fixed in holders, and pressing at opposite 
diameters upon the revolving commutator-cylinder 
of the machine. These brushes, by sparking and 
use, become worn, and must be slid further through 
the holder when required. The pressure upon the 
revolving cylinder should not be greater than is 

G 
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absolutely necessary to collect the currents without 
much sparking. Sperm oil should be used to 
lubricate the revolving cylinder, otherwise it will 
get cut up by the brushes, and much dust will be 
thrown off. The copper powder produced by wear 
should be wiped off the cylinder frequently. 

The lubricating arrangements usually consist of 
needle oil cups, or ordinary syphon lubricators, and 
need no attention, but to be constantly supplied 
with sperm oil, free from grit. Owing to the high 
rate of speed, much care is, of course, necessary to 
avoid allowing the oil cups to run dry, or the oil- 
ways to get clogged up. 

Regulation of Dynamo-Electric Currents. — ^In a 
large electro-plating or electro-typing establish- 
ment where a number of .vats are employed, one 
machine is frequently arranged to supply them all. 
The arrangements should be somewhat as fol- 
low : — ^The vats should be ranged along one wall 
of the shop, at equal distances apart. The dynamo- 
electric machine should either be fixed on the floor 
just behind the central vat, or to a raised standard 
above it. The main conductors should cohsist of 
two stout copper rods or tubes, insulated from the 
wall by being fixed in dry wood brackets, and 
should extend from one end of the wall to the 
other. The conductors from the machine should 
be stout copper straps, screwed separately to the 
main rods. From each vat should extend a pair of 
electrodes fixed to the main rods, to conduct the 
current to the anodes and cathodes. By a little 
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judicious care in arranging the sizes of vats and in 
laying out the resistance to be overcome, the cur- 
rent may be made to pass into each vat in the ratio 
of the size of its anode. 

Resistance Coils and Shunts for Dynamo-Electric 
Machines. — ^With most machines suitable for electro- 
deposition sets of resistance coils or boards are 
supplied. These are designed so as to pass from 
the full current to any required fraction of it, 
suitable for the largest plates and the smallest 
electrotype. They act either by shunting ^^xt of the 
current by means of a short circuit wire, or by re-- 
sistance to the current. It is obvious that when the 
lyiachine is working through an added resistance in 
this way it costs as much as if it were in full work, 
and therefore it is more economical to work by 
means of shunts, which allow the required amount 
of the total current to pass back to the machine 
without entering the depositing vessel. 

Some electro-depositors, on the other hand, allow 
the fiill current to enter the vat, and to compensate 
for its excessive strength place the anode and 
cathode further apart than usual. This, it will be 
observed, is but another way of reducing the cur- 
rent by means of resistance ; it tends to heat the 
solution, and as the full current is used, the 
machine is as costly to drive as if the current were 
fully utilised. 

Reversal of Polarity in Dynamo-Electric Machines. 
— ^When a machine has been depositing copper 
upon an electrotype, and is stopped without re- 
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moving the latter from the bath, or disturbing the 
circuit in any way, a counter electro-motive force is 
often set up in the bathy starting from the electrotype 
to the anode. This small current may last for a 
short time only, but it is frequently sufficient to 
reverse the magnetic polarity or tendency of the 
machine. The result, when the machine is again 
started, is often sufficiently disastrous, inasmuch 
as the current, which should pass from the anode 
into the vat, does so by the cathode and re-dis- 
solves it. Thus some of the best work may be 
destroyed. The facility with which the magnetic 
polarity of a machine may be reversed is explained 
when it is understood that the magnetism it depends 
upon for starting the current is merely the residual 
traces of magnetism left in the iron field magnets, 
so that a very weak current may reverse it. 

To obviate the possibility of this occurring many 
devices, more or less clumsy and useless, have been 
invented ; as a general rule they fail just when 
they ought to act, and are thus worse than useless. 
All that is really necessary is a device for throwing 
open the vat circuit as soon as the machine ceases 
to revolve. The author has successfiiUy employed 
for this purpose a very simple arrangement (Fig. 1 2), 
which never fails to act, and may likewise be used 
as a circuit-interrupter. It consists of a cylin- 
drical piece of iron, aj, i by 3 inches, with a few 
turns of No. 10 copper (insulated) wire wound upon 
it. This electro-magnet is screwed to the base of 
the machine, or to a piece of iron bar, bent as 
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shown at h. A stout iron arm, c, fitted at one end 
with a flat spring, d, is mounted above the magnet 
so as to be attracted by it against the spring when 
a current passes. The free extremity of the arm, 
when attracted by the magnet, butts against a brass 
stud, e. The conductor from one screw of the 
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Fig. II.— Safety CuTent iDtemipter. 

machine is connected to the arm, and to the brass 
stud e, one end of the magnet helix is made fast ; the 
remaining end of the helix leads as one pole of the 
circuit to the vat. The whole forms a simple kind 
of electrical interrupter, with a resistance of about 
looth of an ohm, or, practically, nothing; which 
signifies that it acts as no hindrance to the current. 
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Normally, the arm butts against a piece of ebonite 
fixed above e. It will now be apparent that if, under 
those conditions, the dynamo-electric machine be 
set in motion, it cannot begin to pass a current into 
the vat, or even give rise to one, because its circuit 
is open. This may be considered a great advantage 
in itself, because no action can take place, if so 
required, in the absence of the attendant, and the 
current cannot begin to pass until he presses down 
the arm. It will be observed that when the arm is 
pressed down to start the current its end touches 
the brass post and completes the circuit ; the self- 
same action makes the iron column magnetic, and 
it retains the arm in the required position so long 
as the current continues to pass without an inter- 
ruption. But when the machine is brought to a 
standstill its current fails, the arm is, of course, re- 
leased by the now weakened electro-magnet, and 
the circuit is without fail thrown opetiy and is safe 
enough, because no counter action from the bath can 
possibly enter the machine to reverse its polarity. 

This arrangement is covered by no patent, and 
may be freely adopted by the reader. Its chief 
object is to render the throwing open of the circuit 
a certainty, in the simplest way, most easily con- 
trolled. It may, in the case of the machine being 
fixed at a distance from the electro-typing room, 
be fixed at any part of the circuit, preferably to 
the bench or wall near to the anode end of the vat, 
so as to be near at hand. It will be observed that 
should the circuit be opened by accident, even for 
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an instant, the interrupter will rise and render its 
re-formation impossible without the knowledge ot 
the operator responsible for the work. 

In one patented device of the kind alluded to 
above, a vessel of mercury is caused to rotate and 
to make contact by the rise of the metal ; in another, 
a steam-engine governor with heavy balls and 
complicated mechanism is employed for the same 
purpose. 

Dynamo-Electric Machines adapted for Electrotyp- 
ing. — ^The machines manufactured byM. Gramme, 
of Paris, are in many respects best adapted for the 
purposes of the electrotyper. The smallest size 
is in length 18 inches, breadth 14 inches, and 
height 16 inches; its weight is i^ cwt. ; it should 
make 1,600 revolutions per minute. When ar- 
ranged by the maker for quantity, it yields an 
electro-motive force equal to two or three Bunsen 
cells and a current of 40. The power with which 
it may be driven may be taken at from i to i^ 
horse-power. Its cost at present is from ;^55 to 
;^6o, but the prices of all machines are falling. 
In ordering it should be stated that the machine 
must exhibit an electro-motive force of two Bunsen 
cells of half-gallon size, and a quantity of about 
40. This is called arranged for quantity, but the 
same machine may be had wound for tension. The 
French depot is in Paris (M. Breguet, 81, Boulevard 
Montpamasse). For fuller information concerning 
these machines the reader is referred to pp. 104 — 1 1 7 
of the author's "Electric Light." 
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Maxim's machine is made in New York ; it is in 
some respects similar to Siemens' machine. 

Weston's machine is well adapted for the depo- 
sition of copper, but it cannot be said to be so 
economical of power as the improved Gramme 
and Siemens' machines. The cost of a medium- 
sized machine is ^60, It absorbs about 2^ horse- 
power. The French agents are A. W. Kipling 
& Co., 55, Boulevard Saint Martin, Paris. 

Schuckert's machine is the Gramme machine, as 
spoken of above, with one or two alterations of no 
moment. It is used in one or two establishments 
in London. 

Wilde's machine (Henry Wilde, engineer, Man- 
chester) has been extensively used for all kinds of 
electro-deposition. An idea may be formed of the 
power of those magnificent machines when it is 
stated that one of them (largest size) at the works 
of Messrs. Elkington, near Swansea, deposits four 
and a half hundredweights of copper in twenty- 
four hours. They are specially well adapted to 
service where the work is unusually large, as in 
the deposition of copper statues. Many of the 
figures which adorn the Albert Memorial in Hyde 
Park wefe deposited by Wilde's machines. (See 
" Electric Light," p. 93.) 

Siemens' machine (Siemens Bros., 12, Queen 
Anne's Gate, London, S.W.) is well adapted to all 
purposes. A small size is sold at ;^6o. In size 
and weight it is similar to Gramme's small 
machine. The power required is the same. 
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Much information of a technical character which 
cannot conveniently be embodied here, and relat- 
ing to all kinds of machines, will be found at 
pp. 33 — 164 of the author's treatise on "Electric 
Light." 

Measurement of Currents. 

The practical electrotyper seldom measures his 
currents in the true sense of the term. He roughly 
obtains an indication of the strength of his battery 
in some arbitrary unit of his own, but more often 
by means of a kind of guesswork, based mainly 
upon the length of spark his circuit will yield when 
the two wires are suddenly separated, or by means 
of some rough surface (as a file) upon which one of 
the poles may be rubbed while the other is con- 
nected to it. He also frequently places the extre- 
mities of the wires upon his tongue, and can form 
some opinion, within wide limits, whether his 
current is abnormally weak or strong. 

Although these rough-and-ready means of guess- 
ing at the strength of the current are not to be 
recommended to those who would advance in the 
art beyond mere manipulatory skill, they are, 
nevertheless, not to be despised. Some of the 
most remarkable electrotypes yet produced have 
been deposited by electrotypers who never used 
an instrument for measuring electrical currents. 

An instrument for detecting the presence of a 
current is represented in Fig. 13. It is a simple 
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galvanometer and is suitable for rough work. 
Under the name of "telegraph detector," it is 
obtainable commercially. 

The strength of a current means its work-power. 
Thus, a current that will deposit two ounces of 
copper per hour is just twice as strong as one 
which will deposit only one ounce per hour. The 
recognised electrical unit of current is termed the 
farad ; it is likewise known as a weber or veber, 
which is the term used by 
Mr. Latimer Clark in his 
" Electrical Measurement," 
and throughout this work. 
Its actual physical signi- 
ficance must be studied in 
some such treatise as Jen- 
kin's " Electricity and 
Magnetism ; " what we 
have to do here is to give 
*'*■ '■'■"S.'i.'cTc'" ^°'""' some idea of its magnitude 
as expressly applicable to 
the requirements of the electro-depositor. 

A Weber per second is about equal to the current 
given by a Daniell cell of large size through a 
small resistance. This current will deposit about 
seventeen grains of copper per hour when the total 
resistance is one ohm. 

The Ohm. — ^Thls is the unit of resistance to the 
current. Some idea of its magnitude may be 
gathered from the fact that 485 metres of pure 
copper wire i millimetre in diameter at 32° F. would 
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offer a resistance of one ohm. Or we may roughly 
take 6 feet of No. 36 Birmingham wire-gauge 
pure copper wire as about equal to one ohm. The 
internal resistance of a Daniell cell of about two- 
gallon capacity is sometimes rather less than one 
ohm. 

The Volt, — This is the unit of electro-motive 
force, or the intrinsic pushing power of the battery. 
Some idea of its magnitude may be gathered from 
the fact that a Daniell's cell is frequently taken as 
about equal in tension to one volt, but the real 
force is i '079 volt. 

It will be particularly observed that, although 
these rough definitions of the electrical units are 
given here to aid the reader, their real meaning 
should be sought in a good text-book of electricity. 
The methods by which electro-motive force is deter- 
mined should also be sought there. At p. 67 a 
list of the forces of the different cells employed in 
electro-typing will be found, and a comparative 
list at p. 63. 

The internal resistances of cells cannot, of course, 
be definitely given, as they depend upon the size 
of the plates and upon the conductive power and 
thickness of the liquids within the cells. A com- 
parative and probable list of internal resistances 
will be found at p. 67, but all such figures must 
be accepted with much caution, because they are 
apt to be very wide of the mark. 

The current or actual quantity of electricity 
passing may, however, be determined in an abso- 
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lute unit, or more conveniently in an arbitrary unit 
for use comparatively. These measurements may 
be made either by a galvanometer or a voltameter. 

The Galvanometer is an instrument based upon 
the property of the current to deflect a parallel 
magnetic needle to a position at or about right 
angles to it. Thus, if a magnetized needle, or 
a compass needle, centrally supported or hung, 
be brought near to a parallel current wire, it will 
immediately deflect from its position to an extent 
dependent upon the strength of the current. Thus a 
weak current might deflect a needle 5 degrees, 
while a current twice as strong would deflect it 
about 9 degrees. 

It will thus be observed that the current strength 
cannot be read direct from these galvanometers, as 
a deflection of 30 degrees does not signify that the 
current passing is only twice as strong as a current 
giving 15 degrees. The strengths producing the 
deflections are something approaching to the ratio 
of the tangents of the angles ; but no definite infor- 
mation can be obtained from ordinary galvano- 
meters unless their dials have been graduated by 
being compared with a tangent or sine galvano- 
meter, the only instruments of this class capable ot 
affording results which can be measured. 

The mathematical explanation of the method by 
which readings from the tangent galvanometer 
may be corrected is to be found in most text-books 
of electricity. The instrument itself (Fig. 14) con- 
sists of a circle of strap copper or brass about a 
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foot in diameter. The extremities of this hoop are 
furnished with connecting screws. In the centre of 
the circle is placed a small magnetic needle, usually 
furnished with a style or pointer of some light sub- 
stance, such as coloured glass or aluminium. The 
copper circle is placed in a vertical plane, and 
the small magnetic needle occupies an horizontal 
one over a graduated 
card. The needle being 
small when compared with 
the inducing circuit, the 
result is that, . lying in 
any direction, the needle 
holds the same relative 
position to the disturbing 
powers of the ring; so that 
the error of long needles, 
which applies to common 
galvanometers, is here al- 
most entirely eliminated, 

and therefore the indica- Fig. i4.-Tangent Galvanometer. 

tions obtained are, as the tangents of the angles^ 
read from the dial. 

But even tangent galvanometers cannot be used 
to obtain measurements in absolute units until they 
have been compared with a standard instrument or 
with the results obtained from the voltameter. 

The Voltameter usually consists of a glass vessel 
partly filled with acidulated water. Two small 
platinum plates are placed near to each other in 
the liquid, and are connected by wire to external 
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binding screws. When the current to be measured 
is passed the water begins to decompose, and the 
gases, oxygen and hydrogen, are collected by 
means of a tube, or they may be allowed to ascend 
into two graduated glass tubes (Fig. 15), so that 
their volumes may be measured. The unit of cur- 
rent may be taken as that which will give off one 
cubic centimitre of gas per minute. Double the cur- 
rent, and the flow of gas will be doubled also. The 
work-power of the current is ex- 
pended in the decomposition. One 
weber per second will decompose 
■00142 grains of water. This in- 
strument is exceedingly useful to 
the electro-depositor ; it is low in 
iirst cost, or may easily be made 
by himself; it is understood with 
ease, set in action quickly, and 
when a graduated tube is provided, 
Kg. 15.— VdIu- from which the gas may displace 
the water as it ascends, the trouble 
is reduced to a minimum. An element of error 
— which, however, is insignificant under ordinary 
circumstances — is introduced when the current 
is much weakened by the resistance of the volta- 
meter. 

The voltameter is not well suited for measuring 

currents from one cell only; two or more cells 

are usually required to decompose the acidulated 

water. 

A small coppering cell, with plates which can be 
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weighed, will answer every purpose, whether one 
or more cells be used. 

Ordinary Galvanometers are simply magnetic 
needles, variously hung and supported, around 
which coils of wire are wound, leaving a chamber 
for the needle. The circuit, for use in electro-depo- 
sition, should offer little resistance. Ten or twelve 
turns of No. 16 silk-covered copper wire will usually 
answer very well. The length of the coil should be 
such as to. allow the needle free motion within it. 
The needle should carry a pointer, moving over a 
graduated dial. Equal deflections upon the same in- 
strument always indicate equal currents ; but it must 
be remembered that the degrees have no real mean- 
ing in relation to units. Many of these instruments 
have two circuits — a long one of high resistance 
for weak currents, and a short one of low resist- 
ance for stronger currents. The deflection in 
either will, in most cases, have to be reduced, by 
means of a shunt-wire, to a convenient angle. 
Differential galvanometers have two equal circuits, 
and the two currents to be compared are passed 
through* the instrument in opposite directions. If 
the currents agree the needle will not deflect, 
because the for/:e tending to the right is equal to 
that tending to the left ; but if one current should 
be stronger than the other, the needle would deflect 
to that side. It is impossible here, however, to 
examine the different kinds of work which may be 
done by means of each of these instruments. The 
reader is again referred to a standard text-book for 
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more extended infonnation. Fig. 16 represents a 
very sensitive galvanometer on the astatic (double 
needle) principle. 

Spragu^s Galvanometer. — Mr. J. T. Sprague 
patented, in the year 1869, a galvanometer capable 
of indicating the work-power of a current at once 
upon its dial ; by its aid resistances may also be 
indicated. It is expressly constructed for the use 
of electro-depositors. 



Fie. 17.— KcluDinate Teiting: Batter;. 

Fig. 1 7 represents a small bichromate cell (p. 53), 
which will befound extremely useful in various tests. 

Measurement of Resistance. — A few remarks on 
the determination of the internal resistance of 
batteries and of depositing solutions may not be 
out of place, while they may encourage the reader 
to more correct methods of working. It must be 
observed, however, that these instructions should 
be followed up by reference to some such work as 
Sprague's " Electricity " or Jenkin's " Electricity 
and Magnetism " for fuller information. 
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By Ohm's formula, when the electro-motive force 
and current are known, the determination of the 
resistance of a cell is as follows : — 

E jy Electro-motive force ^ . 

C - ^ °' Current = Resistance. 

The galvanometer method is, however, more 
generally applicable in the work of the electro- 
depositor. A tangent galvanometer must be used. 
Connect up the cell through such a (known) resist- 
ance of wire as will produce a convenient deflec- 
tion ; add known resistance until the current-value 
of the deflection is exactly halved. As the current 
is halved the resistance has been doubled, and 
deducting the external resistance gives the in- 
ternal, or we may simply find the difference 
between the first and second added resistance, 
because it is equal to that of the cell. These 
resistances may be obtained from resistance coils, 
in Ohm's units. They may also be added by 
means of Wheatstone's rheostat, the wire of which 
should be graduated to read ohms. The volta- 
meter, or a cell in which copper is deposited, may 
likewise be employed to measure the resistance 
of a circuit exactly as if it were a galvanometer, 
except that gas must be measured or the copper 
weighed. 

In all such work the operator should be careful 

to avoid the introduction of errors, by means of 

leading wires too thin or other resistances not 

usually calculated. Voltameters for large currents 

may have plates about one inch square; but for 

H 
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small currents they should be as small as possible, 
graduating down to mere points. The work of 
dynamo-electric machines may be measured as 
given above; but the apparatus should be larger 
and less liable to injury by the current. The in- 
ternal resistance of a dynamo-electric machine is 
seldom so great as one ohm. 

The usual indicating galvanometer employed 
upon dynamo-electric machine circuits consists of 
a large needle, moving freely over a graduated 
half-circle. The base of the instrument is simply 
pressed against the leading wire from the machine ; 
no coil is used. This forms, of course, a mere 
detector of the current, but it may be mentioned 
that equal deflections indicate equal currents, on 
this as on other galvanometers. 



CHAPTER IV. 

The Solutions. 

He who would master the art of compounding 
and successfully working an electro - depositing 
solution must ground his experience upon the 
fundamental principles underlying electrolysis. 
No great difficulty is presented here; an hour or 
two of intelligent study of the first chapter in this 
volume will be found to go a long way to clear up 
the mystery ordinarily presented to the electro- 
typer in treatises on electro-metallurgy. Hence, 
to pass beyond the stage of "knowledge" de- 
signated by the words "rule-of-thumb," the electro- 
typer should strive to gain a firm hold upon prin- 
ciples as far as they apply to the practice of his 
art. Apart from the laws of the current, which 
should be intelligently understood, the reader 
should be able to judge of the following points in 
the chemical and physical constitution of a solu* 
tion. 

It is of the first importance to know whether the 
solution is really an electrolyte (many solutions 
are not electrolytes), and whether its chemical 
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composition will admit of the deposition of its 
metal in the malleable state. This even is not 
enough ; it must also possess the power of dis- 
solving the anode with sufficient freedom without 
retarding the actual current or redissolving its 
cathode. This simply means that it must contain 
a given amount of water, free alkali or acid (as 
the case may be) ; that it is sufficiently fluid to 
allow of free circulation ; that its action upon the 
anode shall be just fast enough to compensate for 
the loss of metal deposited upon the cathode plate, 
and that its temperature is correct for the quality 
and hardness of metal required and the current 
employed. 

Not less important is the question whether it is 
a good conductor of electricity ; for, although this 
may in some cases be allowed for by regulating 
the electro-motive force in circuit, a solution low 
in conductive power is a constant source of trouble 
and expense ; it also becomes unduly heated, and 
other complications arise, which render the free 
deposition of tough, good metal very difficult. 

Of that class of solutions which do not conduct 
electricity (in the ordinary sense of the term) tetra- 
chloride of tin may be cited as a good example ; 
such solutions cannot, therefore, be called electro- 
lytes. Nitrates in any solution render the de- 
position of metal almost impossible, because of the 
high oxidizing power of the liberated acid. 

The best solutions in use are those in which 
sulphates and cyanides form -the chief element. 
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They are easily made, understood, and managed, 
and are all good conductors. 

Solutions for the deposition of copper may be 
made in two ways. i. The salts may be prepared 
or provided and simply dissolved in the water 
with a percentage of sulphuric or other acid ; this 
is known as the chemical method, although as 
applied to copper solution it is a mere mechanical 
mixing. 2. The battery may be brought into use 
and the salts formed in the solution from the 
metal by its aid. This is known as the battery 
method. 

Each of these methods has its advantages. In 
the practice of the chemical method it is necessary 
first to prepare the ingredients, which should be 
fresh and free to dissolve, then to mix them in the 
required bulk of distilled or filtered rain water. 
The battery method consists in employing (say, for 
a copper solution) a copper plate as an anode in 
an acidulated mixture (water and sulphuric acid) 
and another plate of ordinary metal, but preferably 
of copper, as a cathode. A current from a cell 
or two is now passed in the ordinary way. In a 
short time a sufiicient quantity of metal will be 
found dissolved off the anode, and when the solu- 
tion is in a condition for working a deposit will 
appear upon the cathode. If the anode be weighed 
before being placed in the solution, and again after 
the current has dissolved off a sufiicient weight of 
the metal, the true ratio which must exist between 
the amount of metal and volume of liquid will be 
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ascertained. This is the operation of nature, and 
affords a most instructive lesson in the art of 
electro-deposition. 

Copper Solution for the Single-cell Process. — ^A 
solution for the single-cell process of deposition 
(p. 25J, suited to the coating of most metals ex- 
cept steel, iron, and zinc, and also well adapted 
for the production of small electrotypes from car- 
bon-faced moulds, consists of a nearly saturated 
solution of cupric sulphate, with a small percentage 
(a few drops) of sulphuric acid added. 

Copper Solution for the Separate Current Process, 
— Prepare a saturated solution of copper sulphate, 
by pouring hot water on the crystals, 6f nearly the 
bulk required; add to this, for each gallon of solu-, 
tion, a quart of water, and finally stir in, for each 
gallon of solution, four ounces of sulphuric acid. 
In the preparation of the solution it should be 
noted that by "saturated** is signified that state 
of the liquid when it will not dissolve any addi- 
tional salt. The crystals may be dissolved in a 
separate vessel, and then poured into the de- 
positing trough, or the trough may be nearly 
filled with warm water, and the crystals dissolved 
into it from a few muslin bags suspended in the 
liquid. 

The water employed may be rain water, filtered ; 
but in cases where there is much chance of bringing 
foreign metals into the liquid, such as firom dust, 
&c., from housetops, it will be found better to use 
distilled water. All water used, except distilled. 
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should be filtered, or the solution may be filtered 
when completed. 

This solution is well adapted for most purposes 
of the electrot)rper, and has been tested repeatedly. 
It will deposit well upon metals or blackleaded 
moulds, and will be found to dissolve the anode 
freely while the current is passing. Some electro- 
depositors use a much larger percentage of sul- 
phuric acid, but this is seldom required, except in 
very cold weather. Further directions for the care 
of these solutions are given at p. 105. 

Alkaline Copper Solution for Deposition upon Iron 
and Zinc. — The acid solutions are not adapted to 
the deposition of copper upon such metals as iron, 
zinc, pewter, &c., because these are attacked by, 
and combine with, the acid radical, as explained 
at p. 16. An alkaline solution, which, when not 
aided by the current, has no effect upon these 
metals, is therefore employed. 

It may be made by the battery process as fol- 
lows : — Dissolve six ounces of good quality cyanide 
of potassium in a gallon of water, place this in the 
depositing vessel, and pass a current from a cell or 
two by means of a thick anode and a cathode or 
receiving plate of iron — in short, work the solution 
as in depositing until a coating of copper appears 
upon the cathode. The action at work is really 
the slow dissolution of the copper anode by the 
aid of the current, and its transformation into 
cyanide of copper. It will be obvious, however, 
that, as this process leaves the potash of the com- 
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bined cyanide in the liquid, it is not so well 
adapted to work which should conduct very freely. 
The potash at least does no good. 

It is better to make up the solution chemically 
by preparing the necessary quantity of cyanide of 
copper as follows : — Prepare a solution of copper 
sulphate, and also one of cyanide of potassium ; 
add the latter to the former, when a copious deposit 
of copper cyanide will take place. The liquid 
should be poured off and the residue washed, 
when it may be finally dissolved in a fresh solution 
of cyanide of potassium (two pounds to the gallon) 
to form the depositing liquid. As the cyanide 
of copper is not freely soluble in the potassium 
cyanide, it should be dissolved to saturation. Free 
cyanide should be afterwards added to the extent 
of two ounces per gallon. This will promote rapid 
working, but there is also a stronger tendency to 
give off hydrogen at the cathode, the deposit in 
which may contain large quantities of the gas. 

This solution works best when at a temperature 
of about 100° F., but a strong current will throw 
down its metal at 80° F. 

Roseleur recommends a solution made as fol- 
lows: — Reduce 20 parts of acetate of copper to 
powder, and rub it to a paste with a little water ; 
add to it 200 parts of water containing 20 parts of 
dissolved washing soda, and stir the mixture; a 
light green precipitate is formed; 20 parts of bi- 
sulphate of sodium are now dissolved in 200 parts 
of water, and the solution mixed with the former 
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one ; the precipitate becomes dirty yellow. And, 
finally, dissolve 20 parts of perfectly pure cyanide 
of potassium in 600 of water, and add it to the 
previous mixture. If the solution is not quite 
colourless, add more cyanide until it is so. This 
liquid may be used either hot or cold, and requires 
a current of moderate strength. 

Management of the SoluttoTzs. — It is sometimes 
very erroneously supposed that a solution, when 
it goes into work, changes and becomes weak, 
whereas the very essence of part of the electro- 
depositor's skill lies in his ability to keep the 
solution as nearly in its original condition as pos- 
sible. Having once secured a really good solution, 
by following out any of the foregoing sets of in- 
structions, the great object should be to keep it 
good. The solution may be looked upon as merely 
the dissolving medium in the operation of depositr 
ing ; it should not give up a particle of its strength 
to the deposit, its true work being to carry the 
metal from anode to cathode. If it does this to 
perfection, the anode will be found to dissolve just 
as fast as the metal is deposited on the cathode ; 
if the solution should dissolve the anode too fast, 
its free acid or alkali will be absorbed; and, 
although this fault carries to a certain extent its 
own remedy, inasmuch as the acid can be recovered 
by working with a smaller surface of anode, the 
conductivity of the liquid will be impaired, and 
the deposition rendered sluggish. 

On the other hand, should the anode be dis- 
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solved too slowly, that is, not fast enough to make 
up for the metal deposited, the electrolyte must 
naturally become weak and useless by the abstrac- 
tion of its metal. This fault may, to a certain 
extent, be overcome by the addition of free acid or 
alkali (as the case may be) to cause the anode to 
dissolve more freely. 

The range within which good copper may be 
obtained is, however, sufficiently wide to allow of 
reguline deposits being obtained from greatly dif- 
ferent solutions. Sulphate of copper solutions are 
usually very easily managed. In this respect they 
are superior to any other solutions used in the 
whole range of electro-metallurgy. This means 
that the current may be varied to a considerable 
extent without causing the deposit to exhibit de- 
fects. But although this is strictly true, it is none 
the less obvious that the working speed can only 
attain a maximum where solution and current are 
regulated to work together in mutual relationship 
in accordance with the laws expressed at p. 21. 
Quality of metal and speed of working are the two 
great aims of the electrotyper. Some depositors 
work twice as fast as others, and yet obtain the 
toughest and best copper in their electrot3rpes ; but 
the latter class of manipulators either work from 
the teachings of long experience, or, better still, 
from a clear knowledge of the principles upon 
which their art is based. 

Allowing the strength of the current to be cor- 
rect, the required deposit cannot be drawn from 
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the solution because of the following defects. If 
the solution be too dense, by reason of too great a 
percentage of copper, the deposit obtained will be 
tardy in forming, and exhibit, in most cases, a 
crystalline structure ; at best it will be brittle and 
liable to break away.- If the liquid should be 
poor in metal, the deposit is apt to have the oppo- 
site defect — a porous structure, quickly deposited. 

These faults may likewise be caused by the 
variations of temperature to which the solution is 
usually subject. So great is the effect of raising 
or lowering the working temperature that a differ- 
ence of five degrees frequently seriously affects the 
speed of working and the quality of the metal 
secured. 

Care should, however, be taken to insure that 
the anode and cathode have surfaces nearly equal 
to each other, or at least that the anode shall be 
the larger. If the anode be too small the deposit 
is apt to be brittle, and the rate of deposition will 
be seriously affected. 

If the current be too great in proportion to the 
amount of the receiving surface and the strength 
of solution, the deposit will prove spongy or 
coarsely granular. If the current be weak, the 
opposite defect of brittleness may exhibit itself. 
The current, however, within limits widely apart 
ordinarily affects the rate of deposition only. 

Streaks on the back of the electrotype indicate 
that the liquid is too dense, and contains too much 
copper for the volume of water. A heavy deposit 
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at the lower end of the cathode and a thin one at 
the top indicate the same defect. The cause of the 
latter fault is as 'follows: — When the solution be- 
comes overcharged with metal, its heavier portions 
settle at the bottom of the vessel, while the lighter 
acidulated water, or weak solution, occupies the 
upper portion of the vat. The consequence is that 
the current plays most favourably through that 
portion or stratum which conducts best, or answers 
its strength, or it may act almost equally upon the 
cathode, and yet deposit different weights on dif- 
ferent portions of its face. When this defect exists 
for some time, it will be observed that the deposit 
upon the upper portion of the cathode, frequently 
becomes dissolved, and that crystals of copper- 
sulphate form upon the plates and bottom . of the 
vessel. This usually indicates a deficiency of water, 
and also the want of stirring. 

The temperature of the solution should indicate 
as nearly as convenient 60° F., and this should be 
preserved in winter and summer. If the tempera- 
ture cannot be kept up to this, the battery power 
must be increased to obtain the ordinary quality 
and metal at the usual rate, or vice versa. Further 
guidance on many of these points will be found 
included in the instructions for depositing in 
Chapter VIII., p. 189. 

No experiments should be made with the solu- 
tion, as the whole is thus apt to be rendered use- 
less for working. A small quantity of caustic soda 
will increase the rate of working; but its use is 
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not to be recommended, as the same rate can be 
obtained by proper attention to the current and 
size of anode. 

Th6 electric current should always be adapted 
to the liquid, not the reverse. How to determine 
the necessary strength of current may be learned 
from a careful perusal of the instructions on p. 1 86. 

Quality of the Solution, — It should have no ten- 
dency to decompose its own deposit ; it should not 
be affected by the atmosphere, or by the action of 
light; it should dissolve the anode freely, and 
should' yield a reguline metal with moderate bat- 
tery power at 60° F. 

Test for New Solutions, — Before a new solution 
(one not known to the operator) is tried upon a large 
scale it is wise to first test it for several defects as 
follows : — Place a quart of the mixture in a stone- 
ware vessel at 60° F. Employ an anode of clean 
copper one inch square, and a cathode of similar 
size ; weigh these before passing the current. The 
cathode should be of blackleaded gutta-percha, 
if this is the moulding material to be constantly 
used. Pass the current from two Smee or Daniell 
cells, with two inches or more of space between 
anode and cathode. Observe, first, whether the 
current evolves gas at the plates. If a little gas 
appears, it may be stopped by slightly separating 
the plates ; but if much gas comes off, especially 
from the anode, there is a defect in the solution, 
and the current would be wasted upon thus decom- 
posing it. Test the speed of deposition by weighing 
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the plates ; the anode should lose about as much 
as the cathode gains. Test the toughness of the 
deposit by bending it and hammering. 

The liquid should further be tested by exposing 
it to the air and light for some days, and observing 
whether it shows a sediment or begins to decom- 
pose. 

Reversal of Current in the Solution. — ^This pecu- 
liar counter-current is particularly to be avoided 
where dynamo-electric machines are used, and 
sometimes under ordinary conditions; it may be 
observed as follows : — Deposit a layer upon the 
cathode, and weigh it (the cathode); place the 
cathode in the bath again and disconnect the bat- 
tery, but connect the cathode and anode by a wire. 
A counter-current, passing from the cathode to 
the anode, will be set up in most cases, and the 
cathode will lose metal while the anode will gain 
an equivalent amount. This may go on for a few 
minutes, when another reversal may take place. 
In the case of employing a dynamo-electric 
machine as the source of current, the efiFect is 
generally to reverse the polarity of the machine, 
which upon again being set in motion will give a 
current in the wrong direction. Some machines 
have circuit-breakers to open the circuit when they 
are stopped, to meet this defect. (See also p. 84.) 

Iron-facing Solutions. — A good solution for the 
deposition of iron in "steel-facing" electrotypes 
may be made as follows: — To each gallon of water 
dissolve one pound of carbonate of ammonium, and 
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dissolve iron into the solution by passing a strong 
current from an anode of iron until a deposit ap- 
pears upon a clean copper cathode. A few ounces 
of carbonate of ammonium should be stirred into 
the bath about once a week. The anode, which 
should be large in proportion to the work, must be 
cleaned occasionally. 

The solution most in use for the ** steel-facing " 
of printing plates is prepared as follows : — Prepare 
a solution of sulphate of iron, and another of car- 
bonate of ammonium. Add the latter to the former 
until the iron is precipitated ; pour off the liquid 
portion, and wash the precipitate. Take a bulk of 
sulphuric acid equal to the volume of solution re- 
quired, and dissolve the iron precipitate in it to 
saturation. If there should be any free acid it will 
retard the working ; it is therefore usual to evapo- 
rate the solution a little. 

From either of these solutions good iron may be 
obtained by the current of three or four Smee or 
Daniell cells, but a stronger current is usually em- 
ployed for quickness of working. The anode is 
always of iron, and the cathode of copper. The 
anode is usually from five to eight times larger 
than the cathode, to prevent the solution from be- 
coming acid. It is also advisable to leave the 
anode in solution when not in use, and to connect 
it by a wire to a cathode of platinum or copper to 
prevent the formation of acid, and to keep the bath 
as dense as possible. The metal obtained is usually 
as hard as good steel, but becomes soft and malle- 
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able after heating. It is highly important to have 
a solution which yields a crystalline and very hard 
coating of iron. 

A coating obtained from a solution of sulphate 
of iron and chloride of ammonium yields an ex- 
ceedingly hard deposit of the purest iron, and it is 
thus well suited to the coating of small and very 
fine electrotypes of steel engraved plates. Plates 
coated in this solution have been known to yield 
as many as 10,000 impressions in printing, all 
sharp. 

All solutions made from sulphate of iron simply 
are very troublesome, and are constantly acted 
upon by the air, thus spoiling the solution. The 
salts in these solutions pass to a higher state of 
oxidation by absorption. 

Management of the Iron Solution, — All iron solu- 
tions should be kept as much as possible firom the 
air, owing to their tendency to absorb oxygen and 
pass into persalts. It is believed that the oxygen 
which is frequently set free at the cathode may be 
absorbed by the deposit, which is thus apt to be 
porous when of any considerable thickness. When 
a solution has become spoiled by the action of the 
air, it may be deoxidized by passing a constant 
current for many hours from an iron anode to a 
copper cathode. Some electrotypers add a little 
glycerine to the solution to aid in its preservation. 
Some solutions constantly deposit a slimy layer of 
impurities upon the anode, which must be kept 
dean. 
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A layer of solid paraffin may with advantage be 
melted over the surface of small bulks of iron solu- 
tion. This has the effect of screening them from 
the air to a great extent ; but it is only applicable 
in cases where the anode and cathode are always 
placed in the same position. 

Iron deposited from solutions in which glycerine 
has been dissolved is apt to begin to crack when a 
moderate thickness is attained, but this never 
takes place within the thickness required for the 
facing of electrotypes, except the glycerine be 
present in excess. 

Inexperienced workers usually deposit defective 
iron with numerous holes. This is almost always 
due to too great a percentage of free acid and too 
Strong a current. Acidity should frequently be 
tested for with blue litmus-paper. 

When thick deposits are required from a solution 
the battery power must be comparatively weak, or 
they are apt to contain large volumes of hydrogen. 

Iron solutions should be added to when iron is 
required from an anode of iron as pure as possible. 
Cast iron should never be employed. Charcoal 
iron is the best ; failing that, wrought plates may 
be used. Acid and ammonium carbonate or chlo- 
ride (as the case may be) may have to be added 
occasionally to make up for the oxidized salts, but 
much care is necessary not to materially change 
the composition of the bath. The solution works 
faster and conducts more freely if slightly heated. 
(See also Chapter IX.) 

I 
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Nickel Solution. — In many respects solutions 
for the deposition of nickel are similar to iron 
solutions, and the process itself is almost the 
same. 

The nickel solution is generally made from the 
salts direct, but as these are not always procurable 
at a fair price it may be made by the battery pro- 
cess, or the salts may be formed from common 
grain nickel direct, as follows : — Select a deep 
glazed vessel, into which pour three parts of strong 
nitric acid, one part of strong sulphuric acid, and 
four parts of water, all by measure ; mix with a 
glass rod. To each gallon add two pounds of com- 
mercial grain nickel, and heat the mixture by 
placing the vessel in boiling water. Care should 
be taken to avoid the fumes given ofiF. If the 
action should become violent add a little cold 
water, or moderate the external heat. Stir occa- 
sionally until all the nickel is dissolved. If the 
liquid will dissolve more, add it until the solu- 
tion is saturated with nickel. When fully prepared, 
the solution gives over fuming and feels heavy and 
dense. Stir in one-fourth its bulk of hot water, 
boil it, and finally filter. This is a strong solution 
of the sulphate of nickel. Dissolve next sulphate 
of ammonia in hot water until saturated, about 
four pounds to the gallon ; prepare a volume cor- 
responding with that of the previous solution. 
Allow to cool, and add the ammonia solution to 
the nickel one with agitation until the latter loses 
its colour. A precipitate of the double sulphate of 
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nickel and ammonia will take place. Decant the 
liquid portion, and wash the resulting double salt 
with a little cold ammonia solution. 

The depositing solution may also be prepared 
from the double salt as obtained in commerce. In 
either case dissolve the compound in hot water to 
saturation ; afterwards dilute with water until a 
Twaddle hydrometer indicates a density of seven 
degrees ; or simply dissolve three-fourths of a 
pound to each gallon of water. The solution should 
be neutral, or nearly so ; that is, neither acid nor 
alkaline. To ascertain this, test it with blue 
litmus-paper ; if the paper be turned red, increase 
the alkali by adding ammonia sulphate. If red 
paper be turned blue, increase the acid by adding 
nickel sulphate until the mixture is as nearly as 
possible neutral. If there should be a tendency 
to either side in working, it is better to have it 
rather alkaline. Anodes for this solution should 
be of nickel plate (cast), which may be procured in 
commerce ; they should be larger than the cathodes. 
Particulars for working are given in Chapter IX. 

Brass-Facing Solutionis. — ^Although it is to a cer- 
tain extent true that the current exerts a kind of 
selective influence upon the metals that chance to 
be present in an electrolyte, it is a great mistake to 
suppose that metals deposited by electricity must 
necessarily be pure. When an alloy is in solution, 
a weak current will select and throw down the one 
most easily separated, but when there is a sufE- 
ciency of force both metals are deposited without re- 
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gard to their nature. Hence brass, an alloy usually 
of seventy-one parts copper to twenty-nine parts 
zinc, may be deposited by electricity, and forms an 
excellent protective facing to copper printing plates, 
although it is in this respect inferior to iron. Its 
most obvious advantage would appear to be that 
brass is found to take and print colours, the ver- 
milion in some varieties of which destroys the 
copper face by combining with it. But the most 
extensive application of brass facing is in relation 
to bookbinders* tools and such stamps as are 
frequently heated. 

A good solution for the deposition of brass of a 
hard nature may be made as follows : — Dissolve in 
one thousand parts of water twenty-five of copper 
sulphate and twenty-five to thirty of sulphate of 
zinc ; or twelve and a half of acetate of copper and 
twelve and a half to fifteen of fused chloride of zinc. 
Precipitate the mixture by means of one hundred 
parts of carbonate of sodium dissolved in plenty of 
water, and stir the mixture. Wash the precipitate 
several times by adding water to it, stirring, and 
allowing the precipitate to subside, pouring the 
clear liquid away. Add to the washed precipitate 
a solution composed of fifty parts of bisulphite of 
sodium and one hundred of carbonate of sodium 
dissolved in one thousand of water, and, whilst 
stirring, add a strong solution of ordinary cyanide 
of potassium until the precipitate is just all redis- 
solved, then add three parts of free cyanide. This 
solution is used warm or hot. (Roseleur.) 
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A current from five to six Bunsen cells in full 
force should be passed into the bath. The anode 
should be of brass. When the deposit is white it 
is usually caused by too strong a current, and when 
red the current is probably too weak. 



CHAPTER V. 

Depositing and Moulding Apparatus. 

The apparatus to be described in this chapter con- 
sists of the depositing or solution vessels and all 
their furniture, including conducting-rods between 
the electric source and the vessels ; also moulding 
apparatus, used in taking the matrix from all kinds 
of flat-surface work, and devices for obtaining the 
pressure required in forcing the work and mould 
together. These include the chief pieces of appa- 
ratus employed in electro-typing, excepting the 
source of electricity, which receives special notice 
in Chapter III. 

Depositing Vessels for Small Operations. — ^The 
depositing vessel employed in obtaining electro- 
type copies of such small objects as medals, or any 
object up to three inches in diameter, is in most 
cases the containing pot of a Daniell cell (p. 25), 
the zinc and porous diaphragm of which also serve 
as a source of electricity. This is known as the 
single-cell depositing apparatus; it is slow in 
work, but gives little trouble, and can be made to 
deposit the finest possible electrotypes. The pro- 
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cess Itself is described at p. 26 and p. 180. But 
small operations which are required to be accom- 
plished quickly, so as to obtain a good strong 
electrotype in about ten hours, should be conducted 
entirely in a separate depositing vessel. Its size 
must be in proportion to the magnitude of the 
work, but it is always well to err on the side of 
having too large a depositing vessel. Square and 
oblong troughs of brown glazed earthenware are 
obtainable now at philosophical instrument shops 
in all ordinary sizes. One 12 by 8 by 6 inches will 
i prove an excellent trough for all small operations. 

This shape of vessel is more convenient than a 
cylindrical cell. The same vessel may be made 
from good teak well jointed and thoroughly coated 
two or three times within with marine glue or 
gutta-percha (p. 148). Wood may prove more 
troublesome at first, but it offers a convenient 
means- of fastening anode and cathode, conducting- 
rods, and terminals to the trough. A very con- 
venient and easily fitted set of connections may be 
placed upon a vessel of this description as follows : 
— Mark off the half of the length upon the upper 
edges of the trough, bend (angular) two pieces of 
f-inch copper or brass tubing to extend along each 
end and both sides of the trough. They should be 
made of a U shape, but with angular bends ; the 
length of the legs should allow the two pieces, 
when laid upon the edge of the vessel, to nearly 
meet at the central line marked off. They should 
be screwed in position with three screws each, and 
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a wire clamp or terminal (p. 56) should be soldered 
to each at one side of the trough where the rods 
nearly meet. The anode and cathode rods, con- 
sisting of straight pieces of tubing of the same size, 
two inches or so wider than the trough, may be 
conveniently laid across their respective ends and 
approached or separated as required. Fig. 18 
exhibits the depositing vessel complete. 

In order to keep the top edge and connections 
of the vessel dry, which is a matter of some im- 
portance, to prevent leakage of electricity from 
one end to the 
other, a ledge of 
wood may be ar- 
ranged to rise 
from the inside 
of the trough 
nearly to the 
height of the tub- 
F*.,.._s..>i .!«,„.„,„ v., .^^ The cost Of 

such a vessel, made soundly of teak, and fitted as 
described, should not exceed five shillings. It is 
adapted for the production of electrotypes up to 
3 inches in diameter, so that all kinds of small 
woodcuts can be copied in it, up to 3 inches wide 
by about 5 inches long. The anodes for such a 
depositing vessel should be of ^-inch copper plates, 
5 by 3 inches, provided with a pair of soldered 
stout copper hooks, to sling upon the anode rod 
and allow the plate to reach within i inch of the 
bottom. Two smaller anodes, for small work, 
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should also be at hand, because the cathode and 
anode should nearly agree in size ; these may be 
3 by 2^ inches and 2 by i inch respectively. This 
completes the apparatus ready for receiving the 
solution (p. 102) and commencing electro-deposi- 
tion. The same vessel may be employed for the 
deposition of any other metal, such as silver or 
iron. In such cases the anode must be of the 
metal to be deposited. When in use it will be 
found advantageous to siphon off the solution 
after each electrotype has been deposited, and to 
clean out the vessel of anode sediment. The solu- 
tion may also be strengthened, should it be re- 
quired, before being replaced. After a time the 
rods will become oxidized and retard the passage 
of the current. To prevent this emery cloth should 
be used to brighten them before putting into use. 
The binding screws should likewise be kept clean, 
and must clamp the battery wires securely. The 
battery should always be placed behind the trough, 
so that the front of the latter may be free for 
inspecting purposes. With such a depositing 
vessel, a pair of Smee, Daniell, or bichromate 
cells of two-quart size will form a battery of ample 
strength. (See p. 21.) They may both be used, 
joined for electro-motive force, in driving a deposit 
over a blackleaded matrix; but one will prove 
sufficient when the surface has been covered. 
A 3 -inch electrotype of a wood-block may be 
taken out in about twelve to twenty hours. (See 
Depositing ProcesSy^. 182.) 
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Depositing Vessels for the Larger Operations. — ^The 
dimensions of vats for ordinary large work vary ; a 
good size for a printer's electrotyper is 5 X 3 X 
3 ft., and larger or smaller in proportion for large 
or small art- work. From 100 to 300 gallons of 
solution may be worked by the battery or dynamo- 
electric machine. 

The choice of material should be made from 
wrought iron (boiler-plate) or wood lined with 
sheet lead. The best possible vat is one made 
from moderately stout boiler-plate enamelled^ithin ; 
such a vessel possesses all the advantages of a 
porcelain one with the strength of an iron one. A 
vat of boiler-plate, made tight and afterwards 
carefully painted within, while warm, with marine 
glue (p. 148), serves the purpose very well, and 
gives no trouble. Wooden vats, made from good 
seasoned teak well jointed, and afterwards secured 
with rods and nuts, may be employed if well 
painted with the marine glue mentioned above. 
But they are neither so satisfactory in use or cheap 
in the end as iron vats. A wooden vat, properly t 

lined with sheet lead, put in with burned joints, 
answers perfectly ; but it is frequently as expensive 
as an iron one. 

Many other materials are in use as linings for 
wooden vats. Gutta-percha is common, but it 
perishes in time. Plate-glass is frequently em- 
ployed, bedded in cement, but it is at first expen- 
sive, and apt to be broken by articles falling into 
the vat. Slate is better, and is often used. As- 
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phaltum is frequently employed as a lining, and 
stands for some years if well applied at first. In 
the case of lining a wooden vat, it must be new 
and perfectly dry. The necessity for this condition 
prevents the possibility of thoroughly coating a 
vat for the second time ; hence the advantage of a 
carefully enamelled iron vat, which in good hands 
should last fifty years or more. Any accidental 
chipping of the enamel should be carefully covered 
with marine glue applied hot to the heated part. 
Pinholes of the larger size should be treated in the 
same manner. Care should be taken, in first fixing 
; the vat, that it shall have a seating as equal as 

possible ; that is, the vat should not be so placed 
that when the heavy solution is poured in, it may 
be twisted, so as to chip off the enamel. 

For dynamo-electric machine working the vat 
should always be deeper than for battery work. 
This will prove all the more necessary when a 
circulator of the solution (p. 191) is employed. 
One foot extra is usually enough. In deciding 
upon a depositing vat, it should always be re- 
membered that a large bulk of solution works in 
every way more satisfactorily than a small bulk. 
It gives a more uniform deposit in less time ; the 
component parts of the whole are not so easily 
disturbed by accidents ; it dissolves the anodes 
more regularly than a small bulk of solution, and 
is in every way better adapted for rapid and good 
working. 

A vat to work surfaces not larger than two 



!i 






124 ELECTRO-TYHNG. 

4to matrix frames together should not contain 
/ess than 150 gallons of solution. There is no 
economy in working a small vat where a larger 
one can be used. It is found cheaper to work a 
600-gallon vat than a 200-gallon one, even although 
the work be small enough to deposit in the lesser 
vat. Hence the solution should always be greatly 
in excess of what is absolutely required; and to 



some extent the same may be said of the current ; 
it should be rather in excess of what will do the 
work, because it always proves troublesome to be 
rather short of battery power, and to find that the 
difference of an inch or two further from the anode 
reduces the speed of working to one-half. 

It is quite probable, indeed, that a 50-gallon vat 
of solution will, with a small battery, cost 20 per 
cent, more in working expenses than a 400-gallon 
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vat. Small bulks of solution often give trouble, 
j but it is seldom that a large body needs renewal 

within five years of its establishment. 

Conducting Fittings for Large Vats, — ^The chief 
difference between the furniture of a small and a 
large depositing vessel arises from the fact that in 
the latter work of two sides must frequently be 
done, and two or more anodes must in consequence 
surround the article. The fittings mentioned in 
connection with the small vessel are arranged 
specially for flat work, or work which might be 
deposited upon one side at a time : but in larger 
operations we have frequently to deal with cases 
where several pieces of flat work to be done at 
once necessitate the use of conducting-rods repre- 
senting both poles at each end of the vat (Fig. 19.) 
The vat, whether it be of wood or iron, should 
be provided with a ledging of wood, about 3 inches 
wide, extending around its upper edge. The outer 
edge of this ledge should be half an inch higher 
than the rest, and extending along the surface of 
this should be fitted a rectangle of ^inch copper 
or brass tubing, raised if possible from the rim 
by means of studs at the corners and centres of 
sides. Another similar rectangle of tubing should 
be fitted to run round the inner portion of the 
wooden ledge. It also should be raised slightly 
from the wood in case of conduction taking place 
between the rectangles by damp or accidental 
spilling of solution on the ledge. A strong wire 
binding-screw should be soldered to each rect- 
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angle, to take the wires from the battery or 
machine. The outer rectangle should always re- 
present the positive pole, and the inner one the 
negative. It will thus be observed that a vat so 
fitted can take in anodes or cathodes at any pari of 
the solution. Stout copper (inch tubing) rods, ac- 
cording to the number of anodes^ extend across 
the positive rectangle, so that they may be moved 
to any required part of the vat. Similar rods, 
short enough to move withi^i the raised ledging 
above referred to, extend from one side to the 
other of the negative rectangle. If there should be 
any risk of the positive rods being displaced, they 
may be bent down at the ends to clutch the rod 
from the outside, and yet be free to move from 
end to end of the vat. Should the negative rods 
be apt to touch the positive rectangle, they should 
be fitted with plugs of wood, slightly projecting 
at the ends, or caps of g^tta-percha ; but a sepa- 
rating slip of wood is more satisfactory. 

All these arrangements, when completed, should 
be well painted with black varnish, except the upper 
surfaces of the rectangles, which must be kept clean. 
No solution should be spilled upon these conduct- 
ing arrangements. From one to fifty anode rods 
and an equal number of cathode rods may thus be 
at work in one vat at a time, there being no ten- 
dency to confusion or risk of conduction, except 
through the solution. It is advisable in most 
cases to have a means by which the rods may be 
fixed in one position when the work is once 



DEPOSITING VESSELS. 127 

adjusted as to distance from the anode. Several 
simple devices may be employed for this purpose. 
The anode rods may, as they are turned down 
at right angles at the extremities, be fitted at one 
end with a set-screw, to jam hard against the posi- 
tive rectangle. One or a pair of circular, or nearly 
circular "grips" may be fitted to each cathode 
rod to grasp the negative rectangle nearly around 
the lower half, avoiding the fastenings ; the 
cathode rods may thus be conveniently fitted each 
with a set-screw to jam against the rectangle at 
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the point required. These means are very simple 
and present great advantages over the old plan of 
laying the rods across the vat in notches cut in 
the wood, or in semicircular holders made fast to 
the conducting rectangles. In the first plan the 
adjustment may be regulated to a nicety ; in the 
old method it must be arranged to suit the notches 
and supports. 

Fig. 20 exhibits a plan of the vat as ar- 
ranged for coppering iron cylinders for calico 
and other printing purposes. It will be observed 
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that the cylinder while it is being coppered is 
slowly revolved between two curved anodes, so that 
the deposit may be evenly distributed. Both anode 
rods are connected together to the left of the 
plan given ; the battery or machine connections 
are attached to the anode rod and cylinder bearing- 
blocks. These bearing-blocks are arranged by 
means of a stuffing-box so as to prevent the escape 
of solution from the vessel. The cylinder itself 
should be at least one foot under the surface. The 
rotating arrang ement must be made to allow of 
convenient and rapid disconnection when placing 
or removing the cylinder. 

Resistance Scales. — Upon the rectangles of well- 
arranged vats of this description scales of approxi- 
mate resistances can be marked. Thus, the resist- 
ance of a certain length of the solution having 
been determined, it may be marked in ohms upon 
the rectangles, as the whole vat will present re- 
sistance in direct ratio to this. It is assumed, of 
course, that the volume of solution and its density 
are to be kept as regular to a fixed standard as 
possible, so that the units marked ofiF may hold 
good at all times. This method was first used by 
the author ; it enables the electrotyper to fix upon 
his resistance, working either from experience or 
calculation, at once before placing in the work, and 
he may thus, to a great extent, rely upon the deposit 
being good and rapidly formed. In flat work, this 
method is a great aid and saving of time if once 
put into use. (See Resistance^ p. 96.) 
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Conducting Wires and Bands, — ^This subject is 
treated more fully at p. 54. The conductors from 
batteries are generally wires, which should be of 
the No. 10 gauge. Straps of copper are generally 
used for dynamo-electric machines, but they offer 
no points of advantage over cylindrical conductors, 
unless it be that they are more easily bent. All 
conductors employed should be much stouter than 
is actually necessary, so that their resistance may 
be counted as nothing. When the conductors are 
long, such as from a distant battery, or a machine 
driven by a neighbour's engine, they should be 
stouter in proportion, or even duplicated. Much 
care should be taken to fix the conductors cleanly 
into the binding screws at the electric source and 
at the vat itself. Conductors should always be led 
to the vat, so that they may not in any way 
interfere with the movements of workmen, and 
should be insulated w4th paraffined cotton or 
tarred twine. 

Vessels for Alkaline Solutions. — Cyanide of copper 
solutions are in most cases used hot, hence it is 
generally necessary to employ an iron vat when 
cyanide solutions are used in obtaining first coat- 
ings upon zinc or tin matrices, or in obtaining 
negative electrotypes direct from articles made of 
metals which of themselves set up electric action 
in or decompose the ordinary sulphate solution. 
Enamelled iron vats, fitted with feet and gas jets 
to obtain the necessary heat, are best suited for 
this work. They may be of small size, as the 

K 
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object is merely to obtain a preliminary coalings the 
main deposit being afterwards obtained in the 
sulphate solution. 

When steam-heat is available, the vat should be 
fitted, if an iron one, with a metallic jacket, and 
the steam allowed to circulate around it. 

Vessels for Iron Solutions, — ^These are usually only 
a little larger than the work to be deposited upon, 
because the process is short, and the larger the 
surface exposed to the air the faster the solution 
will deteriorate in working quality. They should 
be deeper than ordinary depositing vessels for the 
above reason, and should contain a large volume 
of the solution. Iron solutions may be protected 
from the effects of the air, when out of use for 
some considerable time, by heating and melting 
a thin cake of paraffin over the surface, or a little 
glycerine may be mixed with the solution when in 
work. The vat may be of lined wood, or of iron, 
naked or enamelled. 

Anode Plates, — For all copper solutions the anode 
consists of a plate of good copper ; there is more 
reason than would at first appear for employing 
the purest copper, because the common qualities 
give off a great deal of foreign matter known as \ 
"dirt." Indeed, some of the first electrotypers 
and best workmen use in their operations only 
electrotyped copper for anode purposes. There 
can be no doubt that this plan has many advan- 
tages, more especially in work where a trace of 
slime or dirt is apt to ruin a whole month's labour. 
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Electrotyped copper is usually so pure that no 
trace of dirt can be found on the anodes. The 
plan adopted generally is to use the cylinders of 
Daniell cells, which have been thickly coated on 
both sides with electro-deposited copper. These 
cylinders can readily be spread out to form the 
flat anodes required ; if liable to crack they should 
first be annealed. In many cases, however, the 
anodes are specially prepared in a separate vat, 
large square sheets of thin copper being deposited 
upon until about one-third of an inch in thickness 
has been attained. For ordinary rough electrotyping 
this method is not necessary. Electrotyped copper 
cannot be said to be much dearer than the common 
qualities, when deposited by the machine, because 
it is all copper, and can be weighed, pound for 
pound, to form electrotypes. Common sheets fre- 
quently contain 25 per cent, of useless matter^ 
which at best cannot be called good copper. The 
thickness of anode copperplate is usually one-third 
of an inch, but any thickness may, of course, be 
employed. It is found that anodes heated and 
plunged in water become softer, and yield better 
under the influence of moderate currents. (For 
iron anodes, see p. 113.) 

Size of Copper Anode Plates. — ^The anode and 
cathode should each present an equal surface to 
the solution. The anode has two sides, but the 
back, when facing flat work, should be left out of 
account. Hence, an electrotype a foot square 
should be faced by an anode a foot square. If there 
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be any difference in size, the anode should be the 
larger. When the solution is found to be, from 
any accidental cause, weak in metal, the anode 
should be the larger to make up the deficiency. 
If the solution be too dense, the anode should be 
slightly smaller than the cathode, which will thus 
take up the excess. When the anodes are of 
inferior quality, and much dirt is given off, they 
should be larger than the cathode, otherwise the 
solution will begin to lose metal. 

Shape of Anodes, — ^This is a matter of the greatest 
importance, but as it properly belongs to the de- 
positing process, it cannot receive full treatment 
here, except with special regard to general re- 
quirements. 

All work level over the face of the matrix should 
have flat anodes. All work curved convex should 
be faced by concave anodes, and all work curved 
concave by convex anodes. This resolves itself 
into the simple statement that the anode must be 
parallel to the cathode. The distribution of anode 
power is effected, on undercut surfaces, much more 
evenly by working with the anode at a considerable 
distance. Taking, as an example, a flat cathode 
surface, with a depression in the centre, an attempt 
to obtain a copper deposit over both depression 
and surface with the anode in close proximity 
would probably fail, but would be easily accom- 
plished if the anode were removed to a greater 
distance. Hence, the discrepancy between the 
coatings received by hollows and prominences is 
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always more marked when the anode is near than 
when it is placed farther away. 

Chases. — These are shallow dishes of iron or 
backing metal, used as frames or trays, in which 
the moulding composition is poured previous to 
pressing the face upon the composition. They are 
generally about \ of an inch deep, and the usual 
sizes are from 2 inches by 3 inches to 10 inches 
by 13 inches. One of the ends is extended, and 
pierced with two holes, in which the vat hooks 
may be fastened. It will be observed that this 
arrangement, as it is merely a metallic tray, must 
be varnished all over the back and sides to prevent 
the deposit from spreading uselessly upon these, 
parts. Simple arrangements may, however, be 
adopted, which effectually cut the main frame out 
of the circuit. Thus an iron tray as above, of the 
required depth, is fitted with a narrow copper 
frame, which is insulated from the tray by four 
angle pieces of ebonite. The narrow frame fits 
tightly to the tray, and is provided with the re- 
quired extending loops for connection to the nega- 
tive rod of the vat. When the wax is poured into 
the tray, it reaches the conducting frame all round. 
When the mould is blackleaded, the conducting 
surface includes the narrow frame edges, but not 
the back of the tray. In this way " stopping off " the 
tray is rendered unnecessary. When the mould- 
ing composition is of itself conductive, however, 
as it frequently is by the addition of powdered 
plumbago, this plan does not of itself answer. The 
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narrow frame must in this case be a tray also, to fit 
inside the larger one j and to prevent its back from 
coming into electrical contact with the main tray, 
the latter is fitted with a thin lining of ebonite in 
addition to the ebonite insulating comer-pieces 
already mentioned, or a few coats of hard Japan 
may be baked upon a tray of the common kind. 
In Chapter VII. are given particulars of a new 
system of medallion trays. 

Moulding Composition Vessels. — Most of the 
moulding compositions now used are made up by 
the aid of heat. The greater number, being com- 
pounds of wax, gutta-percha, and such substances, 
are melted and kept liquid in an iron pot by means 
of a jet or two of gas. Where steam is available 
it should be used to heat the pot, by being passed 
through an outer casing surrounding its bottom 
and sides ; by this means a more uniform heat is 
secured. Sheet- iron wax vessels of 12 inches by 
9 inches are most convenient when steam is em- 
ployed as a source of heat, but when gas is used 
they should be thicker in body, or ordinary cast- 
iron pots. 

Pressure Apparatus. — ^When the tray is carefully 
filled with the moulding composition (in flat work), 
the prepared original is placed upon its surface, 
and great pressure is applied to secure an accurate 
copy. For small operations, makeshifts are fre- 
quently employed, such as copying presses or even 
vices ; sometimes amateurs employ a device con- 
sisting of a wood beam, jointed at one end near 
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the floor to a post or wall, and by placing the work 
under it near to the fulcrum, a good pressure is 
attained by sitting upon the free end. These make- 
shifts answer well enough for the smaller kinds of 
work apart from regular electrotypers' operations, 
but in the moulding of set-up types and blocks 
they are troublesome and often useless. Large 
screw presses are common, but the best presses 
are actuated through a pair of toggle joints, and 
are therefore known as toggle presses; they are 
extensively employed by electrotypers, as they are 
lower in first cost than regular hydraulic presses. 
The hydraulic press is employed for all kinds of 
flat work, large and small. By its aid a great 
pressure may be given by the expenditure of little 
tiresome energy. Each press should be fitted with 
a sliding platen, to admit of proper adjustment of 
moulds before applying the pressure. Further in- 
formation regarding the pressure apparatus will be 
found at p. 164. 

Blackleading Brushes. — ^When a mould or copy 
is secured, by pressure or otherwise, the non-con- 
ducting surface must be prepared with a view to 
render it conductive in the solution. In most 
cases blacklead, as it is popularly styled, is used. 
It is generally applied to the matrix dry, in the 
form of a fine powder, by means of soft brushes. 
These brushes may be of camel-hair, cut short 
and stiff', or, for ordinary work, of goat's-hair. 
A round brush, about two inches in diameter, 
is well adapted for most work to be black- 
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leaded by hand. The operation itself is described 
at p. 166. 

Blackleading Machine. — ^Machines for the purpose 
of applying the plumbago surface to moulds (flat 
work) are now extensively used, especially in 
America. The operation of the machine presents 
some advantages over hand-work, because it is 
more rapid and less wasteful of blacklead. 

The machine consists of a raised table, per- 
forated with numerous square apertures. Under 
the table is fitted an inclined box, in which all 
waste blacklead is caught. The table is connected 
within a frame with a screw and pinion, which 
give it a reciprocating sliding motion under a 
wide, soft brush, which, being also connected to 
the gearing, receives a vibrating up and down 
motion at great speed. When the mould, plenti- 
fully sprinkled with finest blacklead, is placed 
upon the sliding-table, and the machine set in 
motion (by the hand), it is carried beneath the face 
of the vibrating brush, back and forth, receiving 
the beating-in effects of the brush until the whole 
surface is rendered uniformly conductive. The 
machine when in operation is usually covered with 
a top case to prevent waste of blacklead. It is 
almost needless to observe that these machines 
are only properly adapted for flat surfaces ; their 
use, indeed, is chiefly confined to the practice of 
the printers' electrotyper. They cannot be said to 
be well adapted to the production of the best class of 
conducting surfaces, or to the finest kinds of electro- 
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type moulds, unless the latter be of a material at 
least as hard as cold gutta-percha. Machines are 
adapted to all the usual requirements of printers' 
electrotypes, and in this, their proper sphere, save 
expense and time. They may be rotated by hand 
or power. 

''Slings" and\Hooks.— These are bright copper 
hooks and catches used in hanging the cathode 
(mould) from the negative rod o£ the depositing 
vessel in the solution. They should be made of 
copper wire, which may be gilt, of about No. 10 
size. The same kind of hooks may be used in 
slinging the anodes from the positive bar. 

Ttnning'Trays. — When the depositing is com- 
pleted, and the " shell " or electrotype is removed 
from its matrix, it is " trimmed " and placed upon 
a metal tray provided with high handles, and the 
whole is finally floated in a bath of molten " back- 
ing metal," to be heated, tinned, and "backed." 
The process is detailed at p. 213. Tinning-trays 
may be of any convenient size ; the usual dimen- 
sions admit of their receiving a pair of 4to electro- 
types. They are of iron, cast or sheet ; but sheet 
iron should only be employed for small operations, 
because it is liable to warp or twist. Planed 
cast-iron trays, with high handles of wood, are 
best adapted to the work. When the electro- 
types are large the trays are lifted into the 
backing-bath by means of a small adjustable 
overhead crane. 

The Backing-bath, — This consists of an iron 
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tank, frequently 2 by 2 by i foot, nearly filled with 
the metal kept in a molten state. The heat is 
employed in tinning the back of the electrotypes 
and the metal in forming the backs. Gas or coal 
may be employed in keeping the bath at the 
required heat. Kfirm and level ledging of some 
solid substance should be provided around three 
sides of the bath ; it should be about 2 feet 
wide, or according to the size of the tank ; its use 
is to receive the backing-trays before and after the 
operation. 

Circular Saw. — ^Iliis is brought into requisition 
in cutting away superfluous edges of electrot)rpes 
and backing metal. It may be from 2 to 8 
inches in diameter, according to the magnitude of 
the operations, and must in all cases have fine 
well-cut teeth. These saws are driven upon spindles 
by foot, hand, or power. They are frequently 
mounted in a lathe, and should always revolve 
at high speed. A gauge-plate should be pro- 
vided towards one side of the saw, by the aid of 
which the cutting may be conducted in a straight 
line, at the required depth. The table or base 
should be fitted on rollers to move with the electro- 
type, in a direct line parallel with the saw itself,, 
and a glass hood should be fitted over the saw to 
catch chips. 

Roughing Lathe. — ^This is a lathe used as a sur- 
facing tool ; it is frequently employed in lieu of 
the planing-machine to " surface " up the backs 
of electrotypes for mounting purposes. The chuck 
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is usually some arrangement fixed to a true 
surface-plate, by means of which the electrotypes 
may be clamped to the plate and revolved with it. 
The tool should in all cases be fixed in a traversing 
slide-rest, and must have a keen edge and acute 
angle to cut the backing metal off rapidly. A 
gauge should also be adjusted to allow of the 
correct thickness being left on the shell. 

Planer. — This is usually a hand-planing ma- 
chine, with a planed iron bed, racks, and hand- 
wheel, by means of which the plates may be 
moved under a wide knife, set at an angle to 
remove the metal to the regelated thickness. 

Bevelling Bench and Machine. — ^A great many 
electrotypes are bevelled off by hand-filing, others 
by means of hand-planes on a bench fitted with 
gauge^to set sizes. Bevelling-machines are also 
in use ; these are used only in the larger opera- 
tions. The apparatus consists essentially of a 
sliding-bed and a series of knives revolving at a 
high speed. These machines usually perform the 
work of the circular saw, in addition to bevel- 
ling. For plates taken on convex moulds, used 
in printing, another kind of planer is employed. 
These, and most of the machines here men- 
tioned, are now made by Hoe and Co., of New 
York. 

Mounting Blocks. — ^The wood blocks upon which 
the finished electrotypes are finally mounted for 
printing purposes are almost invariably of ma- 
hogany, well seasoned. The wood should be cut 
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up square and flat, slightly thicker than it will 
ultimately be. 

Besides these tools and materials, various hand 
appliances are employed in the *' correcting " of 
electrotypes, for descriptions of which reference 
should be made to Chapter X. 
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CHAPTER VI. 

Moulding Materials. 

In most cases the reproductions of objects are not 
obtained by depositing electrotypes direct upon 
the objects themselves, but upon copies of them 
in various moulding materials. Thus, when it is 
required to obtain an electrotype of a medal's face, 
a cake of moulding material is prepared, and the 
medal is pressed upon it. When separated from 
the original we obtain an -exact copy in intaglio. 
This copy is then deposited upon, and the final 
result is a reproduction in relievo. This is the 
process as applicable to flat work. When the 
work is rounded or undercut, as a bust, a difierent 
material and moulding method must be adopted. 
We are concerned with the material of which the 
original is made, and with its shape ; and these 
particulars must be known before a suitable mould- 
ing substance can be selected for the purpose. 
The moulding medium must not in the process 
injure the original, and it must also withstand the 
effects of the depositing solution. It must, further, 
be either a conductor of electricity itself or its 
surface must readily receive the conducting sub- 
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stances used for the purpose ; and, finally, it must 
not swell or alter in bulk when placed in the de- 
positing solution. Instructions for the use of these 
substances are given in the succeeding chapter. 

Materials for Flat Work.— The standard 
composition which the author recommends above 
all others for flat metallic work and ordinary wood 
engravings is made as follows: — ^For lo lbs. of 
the material cut up 9 lbs. of commercial bees'-wax, 
free from grit or impurities, in a warm pan; in- 
crease the heat and stir in i lb. of Venice turpen- 
tine, and, finally, 5 ozs, of the very finest powdered 
plumbago. Mix thoroughly at a gentle heat. 
This material will last for many hundreds of im- 
pressions if kept perfectly free from contamination 
with foreign substances. The after process of 
blackleading causes a good deal of extra plum- 
bago to come into the composition, but it may be 
allowed for by adding a little more wax and tur- 
pontine, as the substance appears to require. This 
is for pressed work, which may be taken to include 
almost all the surfaces that come into the hands 
of the printers' electrotyper. 

For work of the flat kind which cannot from 
its nature be pressed, the following material may 
be used : — ^Bees'-wax, 9 lbs. ; hard mutton suet, 
2 lbs. ; plumbago, 3 ozs. When the mould is re- 
quired to be especially sharp in the finest lines, the 
suet or stearine may be omitted, and 5 lbs. of resin 
substituted. The melting-point of these substances 
is about 155° F. 
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In addition to these materials gutta-percha is 
common, but it must always be well pressed. 
When carefully treated gutta-percha is one of the 
best of moulding materials, and it receives the 
conducting coating of blacklead readily. It does 
not alter in the solution, and preserves the finest 
lines. This substance is more extensively used on 
the Continent than in England. It should always 
be remembered that it shrinks while cooling, and 
that, therefore, much pressure is required just 
before it hardens into form. The kind best 
adapted for moulding work is simply the unmanu- 
factured but purified sheet, about three-eighths of 
an inch in thickness. 

Steel Plate Gutta-percha Material. — This also is 
flat work, but it is not usual to press steel en- 
gravings in case of accidents; the copies are, 
therefore, taken off without pressing. The mate- 
rial best adapted for this purpose is made as 
follows : — Cut up and melt very slowly (in a porce- 
lain pan if possible) 9 lbs. of the best gutta-percha; 
stir in and thoroughly mix 4 lbs. of refined lard, 
and, finally, \ lb. of good stearine. The latter is 
not generally employed, bi;t it adds to the rigidity 
of the finer lines. To insure that the lard be free 
from grit and all other injurious substances, it 
may be melted and poured into water, which 
should be hot, and afterwards allowed to cool ; 
impurities are generally precipitated to the bottom 
of the vessel by these means. 

But gutta-percha alone may be employed as 
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follows: — Place 9 lbs. of fine gutta-percha, cut 
small, in a jar which can be covered closely ; pour 
in a large quantity of bisulphide of carbon, and 
allow to digest for two days. The required quan- 
tity may now be removed and heated careftdly in 
a porcelain or iron-enamelled vessel ; when suffi- 
ciently thin it may be used as directed in 
Chapter VII. Much care should be exercised in 
the use of carbon bisulphide, as it is dangerously 
inflammable, even at a low temperature. It gives 
off an abominable smell. Gutta-percha dissolved 
as above may be used for a variety of purposes, 
and is sometimes employed for " stopping off" the 
backs of moulding pans. 

Fusible Alloy. — The chief advantage of this 
material is that it is of itself conductive, and re- 
quires no after preparation, except it be that the 
back must, as mounted by the common process, 
receive a coating of some *^ stopping off" material. 
It is adapted to the moulding of most surfaces not 
liable to injury on the application of a heat of 
2 1 2° F. or a little over. It is made up as follows : — 
Melt I lb. of lead in a clean vessel, and stir in 
f lb. of tin, and, finally, \\ lbs. of bismuth. Stir 
well and thoroughly incorporate the mixture ; pour 
out gradually into water, collect, and repeat until 
a complete admixture is obtained. It melts at 
212° F., the temperature of boiling water. For 
small quantities mix lead 5 parts, tin 3, bismuth 8. 

The first cost of this excellent material is high, 
owing to the price of bismuth, but it serves for 
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numerous electrotypes. It expands on cooling, 
and, consequently, takes a very sharp impression. 
It also assumes a soft but firm (not thin) condition 
before setting, which admirably adapts it for the 
taking of copies by placing and pressing the 
warmed surface upon it just before it sets. 

Plaster of Paris, — ^This well-known material is 
adopted for most purposes where th.e finest lines are 
not required, and where pressure cannot be used. 
It may be prepared (so as to insure its being 
fresh) firom gypsum (sulphate of lime). The sub- 
stance is heated carefully to about 500° F. If the 
heat should be greater than this the plaster may be 
worthless, and may fail to set. When all the water 
of crystallization is driven off the residue is plaster 
of Paris. When purchased it must be fresh, other- 
wise it will fail to set, or will set only very slowly. 
Before being used it should be carefully sifted, 
more especially if the work be small or fine, to 
remove accidental impurities; it should also be 
warmed in an oven. When used it is mixed with 
water to a thin paste, and poured on the article to 
be copied, the surface of which should first be 
coated with the paste by means of a brush; but 
full directions will be found at p. 172. Plaster of 
Paris should be kept in close-stoppered bottles. It 
is usually sold in three degrees of fineness. 

Stearine. — ^This is a beautifully white substance, 
which is used both in moulding by itself and in 
combination with other materials. It is prepared 
by saponifying tallow with milk of lime. Stearate 

L 
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of lime is thus produced, which 'is decomposed by 
sulphuric acid ; the result is sulphate of lime and 
pure stearic acid. Paraffin is sometimes employed 
in place of stearine, but it is more expensive and 
offers higher resistance to the currents. 

Rounded and Undercut Work. — Art work is 
usually, except in the case of flat surfaces, moulded 
from in plaster, wax, fusible alloy, or elastic com- 
position. All undercut work should be copied in 
elastic composition if the original must be pre- 
served. 

Elastic Composition. — Copies of all kinds of work 
which cannot conveniently be moulded from in 
sections may be made in this composition. It is 
elastic, readily cut, can be rendered highly con- 
ductive, and springs into its proper form after 
being disturbed. This valuable substance is made 
as follows : — 8 lbs. of glue of good quality is 
soaked until quite soft in cold water; it is then 
placed in a common glue-pot and mixed with 2 lbs. 
of treacle. The whole is heated and thoroughly 
incorporated by stirring. When the mould is not 
likely to be roughly handled \ lb. of bees'-wax 
may be added to the mixture. This material is 
poured around the prepared object, and when set 
may be cut open from top to bottom and the object 
removed ; the mould will now spring into its ori- 
ginal position and shape. 

When the elastic moulding material is placed in 
an ordinary depositing solution, without being 
previously protected, it is very apt to absorb water 



MOULDING LIATERIALS. 1 47 

and swell. This may to a great extent be pre- 
vented by increasing the proportion* of wax, but 
it is usually better to protect the .surface by im- 
mersion in a weak solution of bichromate of potash 
and drying in the sun ; an insoluble coating is 
thus secured. Tannic acid is also frequently em- 
ployed for the same purpose ; it is incorporated 
with the hot mixture at the rate of 2 parts for 
each 100 parts of glue. When care is exercised 
to "stop off" the exposed portions of the com- 
position, before placing in the depositing solution, 
by means of gutta-percha varnish (gutta-percha 
dissolved in carbon disulphide), and perfectly pro- 
tecting the interior by conducting substances, there 
is usually little danger of absorption. The rate of 
deposition must, however, be rapid. 

The composition may be used many times. Its 
proper sphere is, however, not as a matrix upon 
which the electrotype may be deposited, but as a 
preliminary mould, as follows : — ^The elastic com- 
position is poured around the object, allowed to 
set, slit up, and the object removed. The elastic 
mould is now supported by a gasing of sheet metal 
or paper, and a second model is formed within it. 
This second model is in turn moulded from in 
plaster, and finally run out by heat. The plaster 
mould is, therefore, employed as a matrix in the 
depositing vessel, as further explained at p. 171. 

Composition for obtaining a Cast in Plaster. — ^The 
material usually employed is made as follows :— 
Bees'-wax, 8 lbs. : resin, 7 lbs.; tallow, i lb. These 
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ingredients are thoroughly mixed by the aid of 
heat and stirring. The composition should not 
be poured into the mould until it is nearly set- 
ting, because the heat may cause complete union 
between the two and render the cast useless. 

When this second model is to be deposited upon 
direct, a little powdered blacklead may be added 
to the composition before pouring ; and to render 
it fit for receiving a conductive coating after- 
wards the resin should be omitted and ^ lb. of 
the following solution substituted : — Dissolve i 
part of phosphorus (by weight) in 15 parts of 
carbon disulphide. Handle with the greatest pos- 
sible care, as it is a dangerous substance when 
accidentally spilled near a fire or among rubbish. 
The model is then rendered conductive by other 
solutions and means, particulars of which are 
given in the succeeding chapter. 

Marine Glue. — ^This composition is very useful 
in moulding and in many other kinds of work. It 
is made as follows : — ^Dissolve i lb. of caoutchouc 
in 4 gallons of wood naphtha, and allow it to stand 
for two weeks ; fiirther, add 2 parts of shellac to 
I of the mixture; heat very carefully, mix, and 
cool on marble slabs. In heating and mixing all 
these compounds in which bisulphide of carbon or 
naphtha forms a part, much care is necessary to 
avoid an outbreak of flames, so that the operations 
should be conducted out of doors over a closed 
source of heat, or within the building, with steam 
as a source of heat. 
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** Sfopptng'Off** Compound. — ^Those portions of a 
matrix or an original where the deposit of copper 
is not required, as on the back of moulding trays in 
printing work, the backs of casts taken in fusible 
alloy, and portions of moulds accidentally ren- 
dered conductive when not required, must be 
stopped off to prevent the deposit from spreading 
upon them. Various varnishes are used for this 
purpose, but the least expensive and most readily 
applied are best adapted to the wants of the electro- 
typer. The most generally useful material is 
simply melted bees'-wax, or the ordinary bees'- 
wax composition, free from plumbago. Stearine 
may be used, also paraffin, engravers' varnish, 
or gutta-percha. In hot cyanide solutions copal 
varnish may be used, or the following: — Resin, 
10 parts ; bees' -wax, 6; sealing-wax, 4 ; rouge, 3. 
These are mixed by heat and stirring, and applied 
while liquid with a brush. 

Plumbago-Blacklead. — This substance, errone- 
ously thought by many to be a variety of lead, is 
in some respects identical with , finely-powdered 
graphite, or gas carbon ; it is, indeed, a variety of 
carbon, in combination with iron. 

Owing to its adherent nature and excellent con- 
ductive power, it forms the best known and most 
generally applicable conducting surface for electro- 
type moulds. Some specimens of plumbago are 
found to conduct electricity freely, others are 
almost useless. The common varieties, used for 
household purposes, are almost all bad conductors. 
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except, perhaps, Nixey's, which may be employed 
for most common work. The finer varieties are 
distinguished for their power of rapidly imparting 
a brilliant texture to almost any surface, with little 
friction, and for their tendency to cover a large 
surface with little expenditure of substance. It is, 
therefore, economy to employ only the best quality 
procurable, of wholesale chemists or instrument 
dealers. 

However well ground, plumbago is apt to con- 
tain grit, or grains too large for the surfacing 
process; it should, therefore, be carefully sifted 
through muslin or a fine wire sieve, and should be 
stored in glass bottles protected from dust. 

It is usually applied to the moulds dry, because 
the thinnest possible coating only is required and 
permissible, and because moistening the powder 
creates a paste, which can never be properly spread 
or cleared out of the finer lines of engravings in 
the polishing process. It is frequently sprinkled 
over a wax mould before impressing it, and if 
evenly done this plan is very useful as assisting 
the after process. Plumbago is always used to 
polish up woodcuts and type before taking impres- 
sions of them in moulding material ; it prevents 
seizing between the surfaces. In the case of taking 
electrotypes of the intaglio kind direct from sur- 
faces, plumbago polish, when it can be applied, 
prevents actual seizing between the new and the 
old metal, and assists in their after separation. It 
is also employed to form a part of the usual mould- 
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ing compositions, and not only assists in checking 
the shrinking tendency, but aids the conducting 
qualities of the compound, and facilitates the 
formation of a good conducting surface. The 
polishing process is often injurious to health by 
reason of the dust raised; but this is easily ob- 
viated by the use of a glass case, a device which is 
frequently employed. 



CHAPTER VII. 

Preparation of the Work. 

In this section we enter upon a consideration of 
that portion of the electrotyper's art which calls 
for all the patience and forethought usually found 
in skilful operators. The success of the depositing 
process depends in a great measure upon the faith- 
fulness with which the mould is produced, and the 
care exercised in rendering it conductive of elec- 
tricity ; and these are the chief operations in elec- 
tro-typing next to the depositing process itself. 
While the depositing process depends upon the 
operator's knowledge of the laws of electro-deposi- 
tion, this present portion of the art relies altogether 
upon his manipulatory skill and his foresight. 

The preparation of the work signifies the produc- 
tion of copies from it, in various materials, and 
rendering these copies fit to receive the electro- 
t)^)© ; thus the original work is seldom employed 
in the actual process of depositing the electrotype ; 
it is no longer required immediately after the im- 
pression has been secured. In some cases " pre- 
paration" may signify getting the work itself 
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ready to be deposited upon; it will therefore be 
observed that in cases of the latter description, the 
electrotype obtained is in intaglio^ and must be in 
turn deposited upon to secure a copy of the ori- 
ginal in relievo. 

The conducting surface is an artificial coating 
carefully laid upon the impression. If the sub- 
stances in which the impressions have been taken 
are non-conductors (as most of such substances 
are), they must be rendered conductive over 
every line of their faces to receive the deposit. 
This conducting film must in turn be in perfect 
metallic contact with the negative pole of the 
electric source; and this connection must, more- 
over, be well distributed to different parts of the 
surface, otherwise the deposit will evince a ten- 
dency to fall most copiously upon those portions in 
immediate contact with the negative pole. The 
deposit and mould face, when separated, are found 
to be perfectly dry. 

Preparation of CoinSy MedalSy and Small Flat 
Surfaces. — ^To prepare the surface of a medallion, 
for example, so that an electrotype in intaglio may 
be obtained from it, the back should be well var- 
nished over with melted bees'-wax, or other stop- 
ping-ofF material mentioned at p. 149. This will 
prevent the deposit from spreading over the back. 
The face itself should be lightly cleaned to free it 
from extraneous dirt, and it should afterwards be 
rubbed over with turpentine in which a very little 
bees'-wax has been dissolved, to prevent the de- 
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posit from obtaining absolute adhesion; otherwise 
the electrotype could not be separated fix)m the 
original. In most instances the conducting wire 
cannot be soldered to the article without marking 
it; in those Ciises the coin may be hung in the 
solution in a double loop of copper wire opposite 
to the anode. When the wire may be soldered, 
it should be fastened to the 
back of the coin, or to its edge 

(Fig. 2.). 

Medallion Depositing Trays. 
— The author employs for the 
purpose of taking electrotypes 
in intaglio, of coins and small 
circular articles, cases stamped 
in thin sheet copper, forming 
shallow circular trays, with 
hooks soldered to the back 
(Fig- ^2). All parts of the trays 
Medij. except the circular interior are 

varnished over (stopped o£F) with japan black. 
To copy one side of a coin, or medal, it is thus 
only necessary to drop it into one of the trays 
adapted to its size, rub its surface over with 
the prepared turpentine, and hang it in the solu- 
tion to be deposited upon ; its contact with the 
back of the tray insures perfect conduction to the 
current. These trays can at a trifling expense 
be adapted, in a complete set, to take from a 
medallion of four inches to a coin of one-fourth 
inch. A set of three dozen, graduating in size by 
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one-eighth of an inch, will be found to answer 
every purpose of the kind. 

The same trays may be used as moulding-boxes 
for all flat work of the medallion description, where 
the electrotype is deposited upon the mould to 
produce a relievo copy. This method is most de- 
cidedly better in all possible respects than the old 
one of taking the mould on a cake of the com- 
position, when a wire is employed to give contact. 




Fig. 22. — ^Medallion Depositing Trays, 

and very imperfect contact too, aided by blacklead 
conduction only. 

But for the benefit of those who cannot obtain a 
set of these trays, or incur the expense (about 5s.) 
of having them made, the old process of copying 
coins is here described. 

Moulds for the deposition of relievo electrotypes 
of coins and medallions are made from fusible 
alloy, wax compound (p. 142), gutta-percha, plaster 
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of Paris, and other materials mentioned and de- 
scribed in the preceding chapter. 

To obtain the copy in fusible alloy, the metal is 
melted and poured into a holder, as a pill-box 
cover, or one of the trays above-mentioned. The 
medal is attached to a holder, and, just before the 
alloy begins to set, it is skimmed by passing a 
card over its surface, and the medal brought down 
and pressed tightly on the alloy until it cools. An 
exceedingly sharp copy is thus obtained. If the 
alloy is at first poured into one of the trays, it is 
ready for the bath as soon as its surface has been 
treated with the prepared turpentine (turpentine in 
which a little bees'-wax has been dissolved) ; but if 
it is poured into any other case, a wire must be 
heated and attached to its back, which must be 
afterwards varnished. The mould is now ready to 
receive the deposit. 

To obtain a mould in wax composition (p. 142), 
a cake of the material should be poured into a de- 
positing tray, or merely on a level surface. The 
medal is prepared by being cleaned over its face, 
and lightly dusted with plumbago, which is 
brushed off in circular strokes ; it is then placed 
face downwards on the composition, and pressure 
applied. Any of the means suggested at p. 134. 
may be used in obtaining pressure. When suffi- 
ciently pressed, the medal may be detached by 
carefully placing the edge of a sharp knife under 
it at opposite sides. If the wax should have ad- 
hered to the medal the process must be repeated. 
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A satisfactory copy having been obtained, 
some plumbago is dusted over its surface, and 
brushed into it gently with the brushes men- 
tioned at p. 135. In a short time a good conduct- 
ing film will thus be secured. If the copy be taken 
on a cake of composition, a wire must be heated 
and fastened in the back, the blackleading being 
carried up to and around the wire. If the medal 
should be over 2 inches in diameter, the conducting 
wire may be made into a hoop, and should be 
fastened around the edge of the cake or mould. In 
this way the conducting surface can be led to the 
wire at several points. If the author's suggestions 
regarding trays be employed, all this trouble will 
be saved, because the conducting face will be sur- 
rounded by the metallic edge of the tray, and the 
deposition can only take place over the face of the 
mould. In either case the matrix is now ready to 
be placed in the solution to receive the deposit. 

If the blackleading has been carelessly per- 
formed, the result will soon be disagreeably appa- 
rent. If there should be a defect of conduction 
where the wire joins the mould, all deposit upon 
the latter will fail, and copper will only appear 
upon the wire itself. If there should be defects of 
conduction at any parts of the mould, the deposit 
will fail at these parts, and holes will appear in the 
electrotype. 

Every mould, when first put in the solution, is 
apt at first to repel the liquid^ and to retain upon 
its surface a film of air^ especially in the hollows. 
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Thus, air-holes frequently appear in electrotypes. 
Hence, euery mouldy before being put into the deposit- 
ing vessel^ should be thoroughly moistened all over its 
surface; this is done by allowing a stream of water 
to fall gently upon it for some minutes. The larger 
the mould the more necessary is this precaution. 
Large moulds of printers' electrotypes are first 
covered with water to a depth of i inch, and a 
stream is then directed over the surfaces by means 
of a hose. This is the last operation before placing 
in the solution. 

In cases where the medallion will not stand 
pressure, the mould must be made in some substance 
which can be poured over its surface. Plaster of 
Paris may be employed, but the steel engraving 
moulding material, mentioned at p. 143, is best 
adapted for the purpose, and gives least subsequent 
trouble. The surface of the medal may either be 
very lightly oiled, or brushed over with a little 
plumbago. It should then be surrounded by a rim 
of gum paper or tin (a complete set of rims, in tin, 
should be kept), and the composition carefully 
poured on, beginning at the middle in order to 
exclude air bubbles. When the composition has 
fully set, which may take about ten hours, the rim 
is removed and the mould detached. This mould 
may be treated as a cake of composition, a.s 
directed above ; but it is better to place it, back 
downwards, in a medallion tray^ and to polish up 
its face with plumbago there ; the trouble of fixing 
a wire is thus avoided. 
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Plaster casts may be copied in the same man- 
ner, but the plaster must, previous to pouring on 
the moulding material, be soaked in water. The 
same kind of work may also be copied in plaster 
itself. When the plaster copy is secured it should 
be baked to expel moisture, and must be saturated 
with tallow or stearine to prevent its absorbing 
the solution. It may, in doing this, be placed in a 
shallow layer of melted stearine, back down, and 
left there until the substance soaks through to 
the face; it may then be removed, cooled, and 
polished up with plumbago as usual. Again, the 
depositing tray may be used with advantage. 

Both sides of a medallion or coin may be electro- 
typed by two methods. The first and most com- 
mon method is as follows : — ^The coin is surrounded 
by a rim of stiff gummed paper, extending about 
one-third of an inch beyond its faces ; the rim is 
thus double. The moulding material, which may 
be the wax mixture used for pouring purposes, or 
even plaster, must be poured into one side first and 
allowed to set, when the other side may be poured ; 
much care should be taken to avoid air bubbles by- 
distributing from the centre outwards. Both moulds 
may now be removed and deposited upon. The 
deposits may subsequently be mounted side by 
side, or may be soldered together. In some cases 
gutta-percha is used to take the mould with ; it is 
softened in hot water and two balls pinched off 
the piece. These are applied at either side of the 
coin simultaneously by pressing the balls upon the 
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centres of the faces and working out towards the 
edge to exclude air bubbles. Pressure must after- 
wards be applied, and increased as the gutta-percha 
hardens. The moulds when separated from the 
original may be fitted into medallion-trays, black- 
leaded, and deposited upon, or, in the case of no 
trays being at hand, wires must be heated and 
fixed in the backs and the blackleading continued 
around the wires. 

Another plan may be adopted, as above sug- 
gested, and it is the better of the two. A disc of 
stiff shellac-varnished paper is cut one-third larger 
in diameter than the medallion, and a circle the 
exact size of the latter cut from it by means of a 
pimch or a sharp knife. The flat ring of stiff paper 
thus obtained is to be fitted over the edge of the 
medallion to the central line ; it thus, as it were, 
divides the medallion into two equal discs or halves. 
The medallion is then carefully rubbed over with 
prepared turpentine, and placed in a wire stirrup 
to be deposited upon. It may be hung near to an 
anode and turned on the stirrup every few hours 
until two thick deposits are secured ; these deposits 
will be found separated by the paper ring. When 
removed from the depositing vessel the electro- 
types may be separated from the original by 
running a thin knife around between them, and 
rapidly heating both coatings ; a few taps usually 
separates them. Thus two intaglio copies are 
secured at once. If it be desired to obtain one 
complete copy in any of the softer metals, fusible 
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alloy may be employed as follows: — ^Place one 
side of the trimmed electrotype face up in a stiff 
cardboard ring ; melt some fusible alloy, and skim 
it ; pour the alloy to a moderate thickness on the 
electrotype face, skim it, and instantly place the 
other half above the alloy, face downwards. A little 
pressure will force out the superfluous metal and 
secure an excellent and sharp copy of the original 
in fusible alloy. 

Or, commencing again at the beginning, two 
copies, one of each side of a medallion, may be 
secured as follows : — Pour a cake of wax composi- 
tion into two medallion-trays; rub the medallion 
over the faces with plumbago, press one face and 
take a copy in one tray, and, when removed, in the 
other. These moulds when polished with plumbago 
are now ready to be deposited upon. The trimmed 
deposits may, if desired, be soldered together or 
exhibited separately. 

The various methods applicable to the moulding 
and preparation of coins and medallions have thus 
been described. The new method of employing 
medallion-trays greatly simplifies the whole opera- 
tion, and allows of its being accomplished in one- 
fourth the ordinary time with greater certainty of 
successful deposition. 

Flat Printing Surfaces.— We now enter 
upon a more important division of the subject, 
where the composition, pressure, and blackleading 
all call for careful selection and accomplishment. 

Flat work includes engraved wood blocks and 

M 
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type set up in the usual formes. Matter to be 
electrotyped should be set up with high spaces, 
otherwise plaster of Paris must be employed to 
raise the lower levels. Low spaces, when the 
matter is moulded, cause long projections of the 
moulding composition to protrude from the general 
surface of the intaglio copy. These spaces not only 
prevent the operation of blackleading being per- 
formed satisfactorily, but act in the worst manner 
in collecting the deposit upon themselves when in 
the solution, to the proportionate weakening of 
the letters, which lie miich deeper in the moulds. 
When a mould must be taken from low-spaced 
matter it will save much subsequent trouble to 
proceed as follows: — ^After the matter has been 
reimposed and arranged level, pour plaster, in a 
thin paste, on the face and rub in by hand; just 
before the plaster sets apply a rather stiff brush to 
remove all plaster from the general surface of the 
forme and the beards of the letters. The object is 
to reduce the hollows by filling up as much as pos- 
sible consistent with clearness in the printing. Set 
the type up to dry the plaster, and afterwards go 
again over the face with a stiflF brush to remove all 
trace of plaster from the letters themselves. This 
process is technically known as " floating." 

To prepare the set-up type for moulding, after 
proper planing and locking-up, the letters are 
brushed over with the lye to clear off all traces of 
old ink. Upon the dry surface is sprinkled a 
quantity of finely-powdered plumbago, which is 
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then polished all over the surface with a mode- 
rately stiff brush. When wood blocks are present 
a softer brush should be used. After a good polish 
is secured, all loose dust must be removed by the 
brush and blowing with the breath. The matter 
is then ready, after a final examination, for the 
moulding process. 

Wood blocks are prepared much' in the same 
way ; they are carefully cleaned off with turpen- 
tine, examined, and allowed to dry. Blacklead is 
then sparingly applied and well polished with a 
soft brush ; loose dust is blown away, and the sur- 
face is ready for moulding. 

The blackleading process is doubly useful ; it 
prevents "seizing" between the surface and the 
moulding composition, and it leaves a slight coat- 
ing on the mould, which both assists the subse- 
quent blackleading process and insures conduc- 
tion to every hollow. 

The moulding composition mentioned as "stand- 
ard," p. 142, is now prepared, and when ready is 
poured evenly into the level depositing-tray (p. 133). 
The tray is filled ^xi^ the setting surface watched; 
air bubbles must be quickly and decisively broken 
and the surface arranged to set level. If it begin 
to fall in the centre, quickly fill in more hot com- 
position, and run a tule or side-stick over the sur- 
face. The composition sets very quickly, espe- 
cially in cold weather, unless the tray be warmed 
before pouring in the composition. 

A final examination of the mould composition 
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and type or engraving is made before moulding. 
The type or block is placed upon the clean and 
level bed of the press, face upwards, and the 
mould-tray lifted over it, face to face. Care should 
be taken to so arrange the mould-frame that the 
impression may fall centrally, otherwise much 
damage may be done to the type or block. The 
press is now set into action, and a gentle squeeze 
given. The type or block is then lifted carefully 
off the mould-face to find whether they have 
" seized ; " if not, they are again placed together, 
care being taken to insure that the surface shall 
"fall fair." The sense of touch usually guides the 
operator at this stage, but a gauge may be used. 
A good deal of pressure is now applied, and the 
mould and type or block finally released. 

In some establishments it is usual to carefully 
finish the surface to guard against " seizing," and 
to neglect the preliminary examination mentioned 
above. In either case care is necessary in sepa- 
rating the surface and mould after the final pressure 
has been given. It is usual to employ a pair of 
chisel-like levers for this purpose, one being placed 
under the mould-frame at either end, and the 
mould forced gently upwards. The sides are next 
released, and the mould lifted cleanly off the 
surface. A close examination will reveal whether 
the copy is perfect and unbroken. If the pressure 
has been too great the mould is apt to seize, and if 
too light, it is not impressed to a sufficient depth to 
insure clean printing. 
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Small surfaces can be moulded by light pressure, 
but large surfaces require a pressure of several 
tons. Hence it is impracticable to give figures as 
to the exact pressure required., A skilful work- 
man can soon discover by the sense of touch whether 
he is pressing too much or too little. The appear- 
ance of the forced-out margin of wax is also a 
guide. 

Electrotypes before being moulded from should 
in all cases be removed from their blocks; this 
may be done by means of a thin chisel-edge; 
bending must be particularly avoided. 

The mould, when secured, is trimmed and 
" built " by a special workman before being black- 
leaded. The chief object of this operation is to 
raise the general level of the hollows to insure the 
required depth of the electrotype in the " whites," 
where it is apt to black in the printing process. 
The hollows are built up by the aid of a knife and 
melted wax, and a smooth surface produced. A 
hot building-tool is also employed, firom the taper 
point of which wax is run into the required portions 
of the mould. Matter that has been moulded from 
(with low spaces) without being "floated" gives 
much trouble at this stage, because these numerous 
projecting pieces of wax must be removed with the 
knife, and much care and skill are necessary to 
avoid injury to the mould. 

The conducting surface to be given to impres- 
sions is the next consideration. In the kind of 
work above described blacklead is almost univer- 
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sally employed. The finest quality only should be 
used. (See p. 149.) It is dusted evenly all over the 
surface, and if the work is to be done by hand, 
one of the blacldeading brushes spoken of at 
p. 135 must be employed. The powder is first 
beaten into every portion of the surface, and then 
gently rubbed in circular strokes until it adheres 
to the impression without danger of leaving naked 
spots when placed in the depositing solution. The 
blackleading must be continued to include the 
edge of the depositing tray at all points. The 
main object is to obtain an equal distribution of 
conducting power all round the blackleaded surface. 
The negative pole contact from the battery is, of 
course, secured by fastening a pair of hooks in the 
upper part of the tray as usual. 

Blackleading by machinery has already been 
described (p. 136) ; the process should not be carried 
further than to obtain a good surface all over the 
mould. 

Before placing the mould in the solution to 
receive the deposit it must, if the tray should be of 
the old t3rpe (p. 133), be "stopped oflF; " that is, the 
back and sides must be protected by a layer of 
varnish or moulding composition to prevent the 
deposit from spreading over these portions. If the 
mould should be made in one of the insulated 
trays (p, 133) the stopping oflFwill be unnecessary. 

The last operation to be performed, previous to 
depositing, is to moisten the whole surface of the 
mould, as explained in connection with medallions. 
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Place the mould face upwards and cover with water 
to the depth of an inch ; then direct a gentle stream 
against it from a pipe and rose. In a few minutes 
the surface will be thoroughly moistened and freed 
from air; an examination should, however, be 
made just prior to placing it in the solution, and 
the camel-hair brush passed over any suspicious- 
looking portion. 

The depositing process and final preparation of 
the electrotype for printing are treated in distinct 
chapters ; therefore we pass on to a consideration 
of the method of preparing a mould from — 

Steel Engravings, — This work is different in 
many respects from ordinary flat surface opera- 
tions; it is much more delicate, and should be 
performed with special care at every stage of the 
process. Pressure is seldom used, and in fact is 
both unnecessary and injurious, because steel en- 
gravings are shallow in the " whites " and apt to 
be twisted. 

The operation is commenced by thoroughly 
cleaning the steel-plate and freeing it of the wax 
usually spread upon it for protection. This is most 
effectually done by boiling for a quarter of an hour 
in a strong solution of caustic potash (avoid injury 
to the hands by this compound). Remove and 
wash thoroughly under the tap ; dry by rubbing 
with a soft linen cloth, and finally wipe with a 
pad of cotton moistened with spirits of wine. 

Surround the plate, which must be laid face up- 
wards on a level surface, with iron bars to form a 
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boundary for the composition, and have in readiness 
the moulding material described at p. 143. Pour 
on the composition, beginning at the centre or at 1 

one comer, until it spreads all over the face to a \ 

considerable thickness. Leave to set, and in ten 
hours remove the mould; it should come away 
without difficulty. Examine the face of the mould 
minutely, and proceed to form a frame of angle 
pieces of thin sheet copper, soldered together at 
the comers. These strips should grasp the mould 
firmly all round its edge, and must serve the pur- 
pose of a depositing tray by having two hooks 
soldered to one of the sides. But the mould may 
be laid face up in a square depositing tray of the 
medallion description instead. 

To render the face of the mould conductive pro- 
ceed as follows : — The conducting facing suited to 
this class of work consists of a film of precipitated 
silver. Dissolve a piece of phosphorus in. 2 drachms 
of bisulphide of carbon, stir in 2 drachms of benzine 
and a drop or two of sulphuric ether; pour the 
whole into half-a-pint of spirits of wine, and wash 
the surface of the mould with this mixture twice, 
allowing it to dry after each application. 

The silver solution is made by dissolving i 
drachm 20 grains of nitrate of silver in a mixture of 
half-a-pint of alcohol and i drachm acetic acid. 
The mould is thoroughly floated once with this 
solution and allowed to dry spontaneously. 

Another and simpler method of rendering the 
mould conductive is in use, and may be described 
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as follows : — ^Dissolve phosphorus in pure alcohol 
until a strong solution is obtained, and wash the 
mould with the mixture. The silver solution is 
prepared by dissolving nitrate of silver in aqueous 
ammonia to saturation. It is to be poured evenly- 
over the surface of the mould, and allowed to float 
over it for a few minutes ; the solution is poured 
off, and the mould allowed to become partly dry, 
when it is again floated with the mixture. Spots 
that do not appear to take the solution readily 
should be wetted with it by means of a soft brush. 

All printing surfaces may be moulded from and 
arranged for the depositing process by either of 
the foregoing means. Gutta-percha is sometimes 
used as a moulding material, but it usually re- 
quires the exercise of too great a pressure to be 
generally applicable, at least to set-up type. In 
the case of moulding engravings upon a sheet 
of gutta-percha, the material should be rolled into 
a large ball by softening in hot water, applied 
to the middle of the surface to be copied and 
gradually worked out to the edge to insure the 
expulsion of all air. Pressure is then applied, 
light at first, but increasing as the material begins 
to cool, and heaviest when it has begun to set; 
in this way the well-known shrinking qualities 
of gutta-percha may be compensated for. In cases 
of lines extending across the page, in depositing 
from set-up type, the electrotype is very apt to be 
weak at those points, but they may be strengthened 
by stopping off the general surface at the back. 
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wetting the weak lines with a solution of nitrate 
of mercury and depositing again upon them. 

Art Work. — This class includes all kinds of 
work not confined to the printers' electrot)rper ; 
natural objects, reproductions of art works in 
plaster or other material, and especially such ob- 
jects as present unusual difficulties in moulding. 
A knowledge of the art of casting or moulding, 
however slight, will greatly aid the operator at this 
stage. Printers' electrotypers usually confine their 
operations to the reproduction of printing surfaces ; 
the art electrotyper, on the other hand, is pre- 
pared to reproduce both flat and rounded objects, 
plain or undercut. He deposits his reproductions 
on both interior and exterior surfaces, works with 
every possible shape of anode, and every useful 
combination of negative leading wires. 

The first consideration is the mould. Any. one 
of three processes may be selected for the purpose, 
according to the object or the material, ist, the 
object may be moulded from in elastic composition, 
instructions for making which are given at p. 146 ; 
2nd, the object may be moulded from in two or 
more parts at a time, by the usual methods of 
casting ; and 3rd, the object may be moulded from 
all at once, and afterwards broken out of the 
matrix. This latter method is known as waste 
casting. 

To copy a rounded object, such as a bust, in 
elastic composition, it must first be made heavy, to 
allow of its sinking in the composition when 
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poured ; this is usually done by filling it with sand, 
and pasting a paper cover over the aperture. The 
bust is then placed in position in a tapering vessel, 
such as a common water-pail, and the position of 
the back marked upon the vessel in chalk. The 
composition being ready, it is poured steadily into 
the vessel until it fully covers the bust, and it is 
allowed to set for twenty hours or more. The 
whole is then carefully shaken out of the taper 
vessel, and a slit made through the composition 
with a sharp knife, down the back, from the top of 
the head. By careful handling the composition 
mould may now be opened, and an assistant may 
withdraw the bust from its interior. The elastic 
mould, when released, should close up to* exactly 
the original shape. The interior of this mould 
may be deposited upon, but the process is trouble- 
some, and not to be recommended. It is always 
best to form another bust, of the composition de- 
scribed at p. 147, within the elastic one. This is 
done by supporting the elastic mould, and pouring 
the composition into it at the open end. The com- 
position should be as cool as possible consistent 
with free pouring, so that it may not injure the 
elastic mould and deface the resulting duplicate. 

The duplicate thus secured is in turn supported 
in the taper vessel, and a mould made by pouring 
in plaster of Paris composition as a thin paste. 
When this is set the whole is removed, and the 
duplicate melted out by heat. If the pair are placed 
together in a suitable vessel in an oven, an hour or 
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two will cause the interior figure to melt out and 
fall clear of the plaster mould. The latter may be 
rendered conductive within as follows : — ^Wash out 
twice, allowing the surface to dry each time, with 
a solution of phosphorus i part, bisulphide of 
. carbon 15 parts. Afterwards wash out carefully 
with a solution of nitrate of silver, one dwt. 
to the pint of water. The conduction is further 
improved by washing out also with chloride 
of gold solution. The negative conducting wire 
must be attached to a rim surrounding the open 
aperture of the bust, and two or three wires should 
lead from this to the most remote parts of the 
mould, otherwise the electrot3rpe will be weak at 
these parts. The anode should also be hung 
down in the mould beyond the mouth of the aper- 
ture, according to the depth of the mould. It is 
always advantageous to make an aperture in 
the head of the mould, at the back, to allow the 
solution to pass out there if set in circulation at 
the top. It is assumed, in this case, that the 
mould is placed in the solution in a vertical posi- 
tion, and the anode suspended within it. 

But the quickest and surest way by which these 
objects can be copied is to secure, from the com- 
position duplicate, or from the object itself if it can 
be oiled, a pair of halves as follows : — Bed the ob- 
ject to half its depth in fine sand, level the sur- 
rounding surface, and fasten a pair of guiding pegs 
in the sand. Surround with an edging, and pour 
on thin plaster-paste to the required depth ; or, if 
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required very accurate, rapidly brush over all the 
crevices with the paste before pouring. When set, 
remove from the sand and reverse, treating the 
opposite side in exactly the same way ; a little oil 
may be spread over the surface where the two 
halves meet. When separated from the original, 
the halves can be dried and rendered impervious 
by allowing^ them to stand in a shallow dish of 
melted stearine. And, finally, they can be pro- 
perly blackleaded in the ordinary way to render 
them conductive within. The negative pole con- 
nection should be arranged in the shape of a rim 
of thin copper sheet, or a wire previously bedded 
in the plaster; in all cases the blacklead facing 
must be carried over the rim thus placed. 

The electrotype obtained by these means will be 
in two halves, which, when trimmed, should be 
soldered together, and the joining-line bronzed 
over. 

All kinds of round objects, not much undercut, 
can be moulded and electrotyped by the above 
method. In the case of deep undercut surfaces, 
elastic composition must be used. 

In the moulding of large objects, it is usual to 
adopt the third method previously referred to, and 
to destroy the original, which at the commence- 
ment is treated as follows : — When the model is of 
plaster, its surface is first saturated with linseed 
oil, allowed to dry, and coated carefully with a 
highly polished film of blacklead, as usual. It is 
then arranged in the depositing vessel, and coated 
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all over its surface with a good substantial shell of 
copper. When removed from the vat, the shell is 
cut through at convenient lines, or in two complete 
halves, and the interior plaster-figure is sawn 
through. When separated, the sections are freed 
from the plaster by removing it piece by piece. 
When completely freed from all traces of the 
model, the sections of copper are "stopped oflF" 
(after affixing gfui dance wires) with varnish, the 
interior treated with prepared turpentine, re-im- 
mersed in the solution, and deposited upon to the 
required thickness. The outer copper shell is now 
removed, and the deposit proper is complete and 
ready to be soldered together to form the full 
figure. This process is expensive, but it is accurate 
and sure. Many of the largest statues turned out 
by Messrs. Elkington are made by this process. 

In most cases it proves cheapest to obtain 
models and section moulds of an object from a 
regular caster. Wax composition of the various 
kinds described in the preceding chapter may 
frequently be used in obtaining sectional moulds. 

Moulding is not electrotyper's work; it should 
always be left to hands practised in that distinct 
art. The electrotyper proper is only responsible 
for the depositing process, or at most for the con- 
duction surfacing, and the production of the re- 
quired shell. In most cases, therefore, the mould- 
ing process, when difficult or complex, should be 
left to a special workman. Hence, the art of 
moulding should never be carelessly mixed up 
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with that of electro-typing, or considered except 
in the light of a preparatory operation. 

Leading-wire Systems. — -.^ 

In all cases where the sur- \J Y 

face is of any considerable 
extent, and especially if it 
be much undercut, great 
care should be devoted to 
the arrangement of a good 
leading system, otherwise 
the deposit is apt to be 
strong at one part and 
weak at another. Wires 
should be led from the 
main hook to those parts 
of the mould farthest from 
the anode (Fig. 23). In 
some cases the ends of 
those wires may be fixed 
in the mould; in others 
they must only touch it. 
The deposit is always 
strongest upon those points 
nearest to the anode, and 
in best connection with 

the cathode hooks ; there- | 

fore a combination of both FiE.»3.-Ei™.DieofaBc>tM™id, 
should be employed to lead "'■'""'"^ ^^'^^ ""'^ - 
the deposit first to the more remote comers and 
recesses of the mould (Fig. 24). Air bubbles must 
be expelled, if they form, by disturbing the solu- 
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tton, or gently rubbing over the surface with a 
camel-hair brush. Frames of conducting material 
should be arranged to surround the mould, and 
effect an equal distribution of the negative pole. 
Minis.— ^a.Te must be taken not to stop all 



Fig. >4'— Eiample of as An Mould, shonioG Leading Wires. 

chance of deposit, by allowing the anode by acci- 
dent to touch any part of the mould or negative 
system. The same care must be devoted to avoid 
bad contacts and points weak in conducting power. 
Almost all surfaces can be rendered conductive, 
without blackleading, by means of the phosphorus 
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and silver nitrate solution previously mentioned. 
The blacklead employed (p. 149) should be of the 
finest quality only, and care must generally be 
taken to secure a high polish. Some surfaces can 
be blackleaded dry, others should be breathed upon 
or held over the vapour of spirits of wine. In the 
case of silver conductive films, the depositing should 
always at first be rapid. 

Bronze powders of different kinds have fre- 
quently been recommended as suitable to the pro- 
duction of conducting surfaces. The finest gold 
bronze may thus be employed, mixed with the 
plumbago. Mr. Gore recommends white bronze 
powder of the best quality. All these metallic 
powders may be used with the most satisfactory 
results in art electro-typing, where the finer lines 
are of little consequence ; but they must not be em- 
ployed in electro-typing fine engravings, although 
often of use in copying set-up type. The plum- 
bago itself may be gilt, which greatly improves its 
conducting power : — ^Dissolve i part gold chloride 
in 100 parts of sulphuric ether in an open vessel ; 
add 50 parts of finest plumbago, mix perfectly, and 
expose the compound to the sunlight, frequently 
stirring it until dry. It is applied in the usual 
way. In taking moulds of rough and large objects 
by pressure, a thin coating of fine white bronze 
powder may be dusted over the substance to form 
the mould; the blackleading may afterwards be 
carried out with much greater ease. 

Printing surfaces, especially of type, should not 

N 
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be electrotyped upon moulds rendered conductive 
by the phosphorus and silver method, because 
the deposit is always brittle at the surface, and 
set-up type shells are generally very thin, espe- 
cially at the heads of letters and lines. 

Failures. — ^These make their appearance in and 
after the depositing process ; but they are usually 
due to some part of the preparatory work being 
neglected. Failures are very rare when the mould 
has been properly made, and its surface carefully 
blackleaded, or otherwise rendered conductive. 
Holes through the shells are due either to non- 
conducting spots or to unequal distribution of the 
negative pole ; small pin-holes are usually caused 
by gas, due to too strong a current, or to air 
bubbles, which may be swept off. A total failure 
of deposit can always be traced to a failure of the 
current, either through the battery or at the con- 
tact points. Partial failure of deposit is usually 
due to careless facing with the conductive sub- 
stance, or to a very partial distribution of the 
cathode pole. These defects should be arranged 
for and foreseen in the preparatory process. Dirty 
deposits are usually due to dirt from the anodes. 
Electrotyped copper is generally clean, and should 
be used when this troublesome fault appears ; the 
defects may also be due to faults in the surfacing. 
The succeeding chapter is devoted to a description 
of the depositing process, which should be partly 
understood before even facing a mould is at- 
tempted. 



CHAPTER VIII. 
The Depositing Process. 

« 

In the preceding chapter and the present one the 
two most important operations in the electrotyper's 
art are dealt with. The depositing process, which 
is now to be described, is the most interesting in 
the whole art, because by its aid we obtain the 
actual electrot3rpe^ and reap the reward of all 
the patience and skill we may have devoted to 
the acquisition of fundamental knowledge and the 
mastery of manipulatory details. 

The preparation of representative types of the 
various kinds of work likely to pass into the hands 
of electrotypers has been fully described ; which 
means that we have obtained moulds upon which 
electrotypes are to be deposited, prepared objects 
themselves for direct negative electro-typing, and 
carefully provided each with a good conducting 
surface, and also with the necessary leading wires 
or single connections ; the work is, in short, ready 
to be hung in the solution to form the electro-type. 

In Chapter V. is described all the apparatus 
employed in the depositing process, and we must 



1 80 ELECTRO-TYPING. 

refer back to that section if not fully acquainted 
with the construction of the depositing vessel and 
its furniture. The battery, or source of power, is 
spoken of at length in Chapter III., and to the 
concluding portion of that section reference should 
be made in case of doubt as to the way in which 
the action or connections are regulated to obtain 
more or less current or electro-motive force. ' In 
the present chapter will be given many details 
regarding the employment of electricity in deposit- 
ing, but they will be found to prove insufficient 
unless studied in conjunction with the portion of 
Chapter III. just referred to. 

The Various Processes of Deposition, — Reference 
to Chapter I. will afford information as to the 
various methods adopted in depositing copper 
electrotypes, but, from a fundamental standpoint, 
they are all the same, with modifications in the 
arrangement of vessels and source of electricity. 
It will further be observed that throughout this 
work only one method or process is recommended 
for operations of practical importance. This pro- 
cess consists in the employment of an independent 
source of electricity and a simple open depositing 
vessel of a size suited to the magnitude of the 
operation, with leading wires and anode. 

Single-Cell Method, — This process for producing 
small electrotypes has been partly described at 
p. 25, but a number of important points in the 
after-process remain to be dealt with in this 
place. 
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The method from first to last is only well 
adapted to experimental work or to instruction 
combined with amusement; but it is extensively 
practised on the Continent in the production of 
even large electrotypes. It is, however, too slow, 
and is not applicable in cases where the electricity 
required is derived from other sources than zinc 
and sulphuric acid. 

Assuming the matrix or cathode to be ready for 
immersion in the solution, it should be carefully 
noted whether the zinc-wire (negative pole) is clean 
where the work touches it, and that its connection 
with the zinc itself is without doubt metallic and 
clean ; any fault at those points, or at the con- 
junction of the conducting face and leading wire 
of the matrix, will either greatly retard the pro- 
gress of the work or entirely stop the current. 

It will be observed that this process may at any 
time be conducted in a common Daniell's cell by 
simply removing its copper cylinder. The single- 
cell process is merely the working through itself 
of a Daniell-cell current, because the matrix to be 
deposited upon serves the purpose of the copper 
cylinder or negative element. 

When the mould is hung in the solution, a 
deposit of copper is at once observed to form upon 
the wire. This preliminary deposition enables the 
operator to determine whether his current is of the 
required strength to produce malleable copper. If 
the deposit should appear very pale, and be slow 
in forming, it may be Assumed that the current is 
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too weak. This is remedied by either placing the 
mould nearer to the porous cell, or placing an 
additional drop or two of sulphuric acid in the 
latter. If the deposit should appear of a very dark 
red or black, it indicates that the current is too 
strong ; this may be remedied by placing the 
mould farther away from the cell, or by lifting the 
zinc partly out of its exciting liquid. It is better 
to see the copper appear rather dark than the 
reverse. When a good colour is obtained, the de- 
position may be allowed to proceed ; the tempera- 
ture should not be under 60° F. The effects of 
temperature are very marked in the depositing 
process, a difference of a few degrees often giving 
rise to failure. If the temperature be higher than 
60° F. the current will prove more vigorous, and 
the reverse with a lower temperature. The deposit 
will spread slowly, commencing upon the wire, 
over the upper portion of the mould, usually 
around the edges, and finally all over the face. 
When it becomes as thick as brown paper, or good 
writing paper, it may be removed from its matrix 
by gently heating it. The whole should be plunged 
in warm water in doing this ; but in any case the 
deposit should not be overheated or dragged off 
the mould forcibly. 

When the electrotype of a medal is intended to 
exhibit one face only, it should be strengthened by 
a backing of lead and tin, but pitch or shellac 
may be employed for small work. (See Final 
Preparation^ Chapter X.) 
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Holes in the electrotype are generally caused by 
defective facing with blacklead, or by removing 
the deposit before it has attained a sufficient thick- 
ness. It will be observed that the deposit is 
thickest upon the prominent points of the matrix 
and thinnest in the sunk parts, so that in removing 
it should first be insured that a sufficiently strong 
shell has been deposited throughout. In deposit- 
ing, the face of the mould should always be turned 
to the porous cell, or one face at a time if both be 
conductive. If the mould or object should be 
round, it must be slowly turned towards the cell 
as the deposition proceeds, because the thickest 
deposit is always made upon the nearest points of the 
cathode. Hence, if we take a copper plate and 
bind it to a V shape, slinging it in the solution so 
that the apex of the V may be nearest to the cell, 
we shall obtain a deposit beautifully graduating in 
thickness as the sides recede from the zinc. The 
deposit is thus thick at the apex and thins off 
upon the sides. 

The time occupied in depositing a copy of a 
medal or a small engraved block depends greatly 
upon the size of the cell and work. In a cell 
capable of containing two quarts, about 10 grains 
of copper per hour may be expected, because the 
current may prove less than a veber, which will 
give a deposit at the rate of 17 or 18 grains. 
Twenty-four hours may be taken as a general 
average ; but when the electrotype is required to 
be quite rigid, with no after backing, it may be 
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made of any thickness, say, up to -j^gth of an inch, 
which may require the action to be continued for 
a week. In any case it will be found that for small 
cells about lo grains will be deposited per hour, 
and 20 grains in large cells. In the case of 
continuing the action for some time, the instruc- 
tions given at p. 50 for the management of 
Daniell batteries fully apply to it. 

Nodules are small projections upon the electro- 
type when a thick shell is required ; they are 
troublesome, because they divert the force in their 
own direction and increase in size very rapidly. 
It is usually best to remove the electrotype and file 
them off, cleaning the surface again by a dip in 
nitric acid ; after which the deposition may pro- 
ceed. Sometimes these troublesome projections 
may be nipped off with a cutting pliers. 

When the electrotype is first detached from its 
mould it presents an extremely rich and beautiful 
appearance, which is speedily destroyed by ex- 
posure to the air. ^hould it be desired to retain 
it as much as possibi^, the surface may be war7ned 
(heating above a certain point will destroy the 
colour), and pale lacquer applied with a camel-hair 
brush. Only a very thin coating should be brushed 
on. Or it is common to colour the surface by 
bronzing and other methods. 

Brown Finish. — ^This is easily obtained by moist- 
ening the face of the electrotype with water to 
which a little nitric acid has b^en added, allow- 
ing it to dry, and then gradually heating it until 



THE DEPOSITING PROCESS. 1 85 

the required shade is obtained. Many beautiful 
effects may be obtained by producing a dark 
brown, and then brightening some of the pro- 
minences by rubbing with a cloth or leather 
dipped in aqueous ammonia. The dark coating is 
oxide of copper. A more permanent effect may be 
produced by rubbing the electrotype face all over 
with rouge and finally covering with rouge and 
heating to near redness. 

Black Finish may be obtained by dipping re- 
peatedly in a weak solution of platinum chloride, 
or by polishing up with plumbago, or by holding 
over the smoke of burning straw. Other methods, 
especially applicable to busts and the larger 
electrotypes, will be found described in Chap. X. 

The Standard Process. — It is assumed that 
the reader is already acquainted with th-e source of 
electricity to be used, as described in Chapter III, ; 
with the solution from which the electrotype is to 
be deposited,, as spoken of in Chapter IV. ; with 
the depositing vessel described in Chapter V. ; and 
with the preparatory methods recommended in 
Chapter VII. 

Flat Work, — ^The method by which flat electro- 
types may be deposited is not in some particulars 
adapted to hollow or round work. Flat work is 
the most easily managed. It includes all kinds of 
wood engravings, flat works of art, and formes of 
set-up type, with and without woodcuts. 

The most essential particulars relating to lead- 
ing and connecting wires are given in Chapter VII. ; 
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and in the case of woodcuts and formes of type, 
where moulding boxes are employed, no difl&culty 
will ever be met with, because the connection with 
the blackleaded face is good throughout. But 
when metallic moulding boxes are not employed, 
and the mould is taken on a body of gutta-percha 
or other substance, the case is different, as the 
conduction, if simply arranged to begin at one 
point, will cause the deposit to be heaviest at that 
point, and will retard the spreading of the de- 
posit. It should be observed that all the leading 
connections are well distributed about the matrix, 
and that the battery connections are cleanly made 
with both anode and cathode rods. . It is very im- 
portant also to observe the preliminary moistening 
mentioned at p. 167. 

To commence operations, the mould being ready 
and the solution in its vessel, the battery should 
be set in action. One cell of a Smee, bichromate, 
or Daniell battery, if large, will suflRce for the 
main deposit; but to drive the copper over the 
blackleaded face at first requires in some cases 
two cells, or a higher electro-motive force. In any 
case, two cells joined together for electro-motive 
force will hasten the first coating ; even three cells 
may be used if the work be over a foot square. In 
like manner the thermo-electric or dynamo-electric 
currents should be regulated to give much force at 
first. 

Lead a conductor from the positive pole of the 
electric source to the anode rod of the depositing 
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vessel, and another from the negative pole to 
the cathode rod (it will be remembered that the 
cathode in our case is the surface receiving the 
electrot3rpe). Select a plate of clean copper for 
the anode, with a surface equal to the cathode, 
and hang it in the solution from the anode rod. 
Hang, also, the cathode from its rod. The 
distance between the two cannot be stated without 
also knowing the strength of current and other 
particulars. They may at first be placed six 
inches apart, if large. The copper will first appear 
at the edges of the conducting frame, or upon the 
wire. Its colour and appearance will show whether 
the cathode is too near to the anode. If the 
deposit should exhibit a rather dark colour it may 
be left alone, as greater surface will remedy that 
and give it a lighter appearance ; but if it be in 
the shape of black grains the plates must be 
separated. When the deposit begins to form 
upon the mould itself, its progress will be but 
slow until it has quite covered the surface. 

Hard Brass-faced Electrotypes, — ^When copper is 
deposited slowly upon a mould from a printing 
surface, it tends to be harder than when deposited 
quickly. But it does not usually answer the pur- 
pose to deposit slowly : too much time is consumed, 
and the metal is apt to be too brittle. 

The author, in the course of some experiments, 
fell upon a method by means of which the electro- 
t)rpe can be faced from the commencement with a 
very hard alloy of copper and zinc. This facing 
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presents all the advantages of a copper face, lasts 
twice as long, costs little extra, and, moreover, 
takes the coloured inks readily without apparent 
deterioration. 

The solution employed is simply a copper one, 
in a separate vessel, which has been worked with 
a rolled brass anode until an alloy deposit could 
be secured upon a blackleaded mould. The 
quickest way is to make up a brassing solution, as 
directed at p. 115, and to work this with a pale 
brass anode. What is required is a preliminary 
deposit of hard alloy upon the mould. The battery 
power should in all cases be greater than that 
used for copper alone. With moderate battery- 
power Jihe facing deposit will require more time 
than usual. 

The prepared mould is placed in the facing 
solution and a thin deposit thrown all over its 
face. It is then transferred quickly to the ordi- 
nary copper solution, and finished as usual. More 
than ordinary care should be taken to prevent gas 
from settling in the hollows of the mould in the 
facing solution. The . battery power should be 
equal to two or three Bunsen cells. A pale 
deposit secured slowly with moderate battery 
power is harder than the same deposit precipitated 
quickly with great battery power ; therefore 
the facing deposit should be arranged to form 
slowly. If too pale the deposit will be soft, 
and if too red it will be soft. A medium can 
be struck between the two, when the maximum 
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of hardness and the minimum proportion of 
zinc may be precipitated. In Chapter IX. this 
method is mentioned in connection with brass- 
facing, and some further remarks made upon its 
working. It is applicable to copies from steel 
plates and wood blocks, and may be used with 
advantage upon moulds taken from type. Brass, 
of whatever quality, is always much more difl&cult 
to deposit than copper ; and to those unacquainted 
with its nature some preliminary difficulties are 
presented in the working of this process. 

Precautions against Gas Bubbles, — A wide camel- 
hair brush should be passed over the face of the 
mould two or three times while the deposit is 
formings care being taken to reach the hollows, 
because gas is liable to accumulate in them and 
cause holes to appear in the electrotype. 

Temperature is of great importance in electro- 
deposition ; a fall of a few degrees will necessitate 
the employment of greater battery power ; 60° F. 
is the best working temperature. 

As soon as the copper has completely covered 
the surface of the mould, one of the cells, if two be 
used, may be disconnected and the work allowed 
to proceed with one cell, or both coupled for 
quantity. In most cases the plates may be ap- 
proached more closely together as soon as a com- 
plete deposit is secured. It should be a rule to 
work as near to the anode as possible, so far as 
good copper may be obtained; in fact there is 
little danger of bad metal being deposited after 
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the mould is quite covered. The current may be 
augmented according to the speed required. A 
slight addition of caustic soda to the solution will 
quicken the rate of deposition. 

With the fullest current which may be applied, 
a good shell from a flat surface may be deposited 
in five hours. This is very rapid work. From 
eight to eighteen or twenty hours is the general 
time, according to the current employed and the 
skill of the depositor. A skilful electrotyper can 
work with dynamo-electric current at a very rapid 
rate. In America electrotypes of set-up type and 
blocks are frequently deposited in less than five 
hours ; indeed, they are often finished and in the 
printing-press within five hours of placing the 
mould in the depositing vessel. 

As a general rule the electro-motive force of one 
cell is made to both start and keep up the depo- 
sition, but time is saved by employing two or even 
three cells at first. This applies so far as the 
forcing of the deposit all over the mould is con- 
cerned. When it forms a complete covering, 
however thin, the tension should be reduced, 
because it is expensive and not necessary. After- 
wards, until the electrotype is complete, the cells 
may be joined up for quantity. A lo-gallon 
Daniell or Smee cell should deposit at the rate of 
(at least) about 51 grains per hour. This is the 
work of three vebers in a low resistance. Two 
cells should do double this work when coupled for 
quantity. 
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During the deposition frequent motion of the 
cathode is advisable, especially when dealing with 
thick deposits, because vertical lines, usually pre- 
senting an appearance of a large note of exclama- 
tion (!), are found upon the back of the plate. 
When the mould is frequently shifted, or kept in 
motion in the solution, the metal is more regu- 
larly deposited. 

In the case of working with the dynamo-electric 
machine it is especially necessary, owing to the 
rapidity of the process, to keep the solution in 
motion. In some cases this is done by means of a 
screw, similar to a steamboat propeller, which is 
mounted upon a short shaft supported upon two 
plummer-blocks in the vat, at one end. The 
motion is given by a band which is driven from 
the shaft that rotates the dynamo-electric machine. 
In this way, as the propeller and band are at one 
extremity of the vat only, the operator is free to 
occupy with his work nearly the full length of the 
vat. The propeller-shaft maybe hung horizontally 
or vertically. In any case the propeller should 
be about 8 inches above the bottom of the vat. 
The continued motion gives a regular rotation to 
the solution. In some cases the mould itself may 
be moved, but it is usually better to rotate the 
solution. Wire nets are frequently employed to 
separate the bottom sediment and prevent it from 
rising to the surface of the liquid and mould. 

Faults and Failures are always caused by defects 
in the solution or mould, or in the battery. One of 
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the most troublesome of faults is due to want of 
care to free the mould from hydrogen gas when 
employing a strong current These gas bubbles 
cause pin-holes. The pin-holes may also be caused 
by faulty blackleading. These holes cannot be 
discovered until the electrotype is removed from its 
matrix and held up to the light. When working 
with a strong current it is advantageous to dissolve 
a little chlorate of potash in hot water and stir it 
into the solution. This is believed (as it contains 
so much oxygen) to act as an absorber of the 
hydrogen; but in any case the camel-hair brush 
should be passed lightly over the mould two or 
three times during the process of covering the 
mould. 

No mould while receiving a deposit should be 
removed from the trough for any considerable time 
or until it becomes dry. In the case of its being 
necessary to remove the mould, it should be kept 
under water until it can be replaced in the solution. 
Nor should the fingers be allowed to touch the 
mould or deposit, except under water ; the slightest 
trace of foreign matter will prevent adherence at 
that point. 

Thickness of Deposit. — ^The usual thickness of shell 
is about i^nd of an inch. It maybe ascertained by 
removing from the solution and with a knife gently 
raising a^corner (the thinnest corner) of the deposit. 
When satisfied that the shell is sufiiciently rigid 
and complete it may be removed from the solution. 

Separation of the Shell from the Matrix. — When 
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it is decided that the deposit has attained a suffi- 
cient thickness (minimum -»^nd of an inch) wash well 
in cold water, and afterwards pour hot water on the 
back of the shell. This will have the effect of 
melting the wax composition and releasing the 
shell, which should now be carefully rinsed in both 
hot and cold water and held up to examine for pin- 
holes. When only a very few small holes are 
found they may be marked, and the plate laid aside 
to be completed, backed, and mounted. The deposit 
should be rejected if holes appear upon the lines 
of the engraving, or upon type, so as to render 
it difficult to repair them. Further information 
regarding the process, but generally applicable, is 
given further on. 

Electrotypes from Steel Engravings. — This is 
known as " fine work," and the matrix is prepared 
as directed at p. 1 68, finishing with the conducting 
solution. The deposit of copper is secured in 
exactly the same way as in the foregoing instances, 
but the electrotype required is much thicker, and 
frequently takes from one to two weeks to deposit. 
The thickness varies with the size, but a general 
gauge is -^ inch, or more than double the ordinary 
thickness. A light metallic frame should be used, 
by means of which the mould may be hung in the 
solution without risk of warping. The first deposit 
should be driven on quickly by the aid of high 
electro-motive force. The greatest care should be 
taken to turn out such electrotypes as perfectly as 
possible, because they are expected to exhibit all 

O 
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the excellent features of the original. All such 
electrot5rpes of steel-plates are afterwards *^ steel- 
facedy' a process which is described in Chapter IX. 

Finishing Details. — ^These will be found applic- 
able to all classes of work in Chapter X. ; they 
consist in tinning^ hackings squaring^ planing^ 
""^ picking** &c., and finally mounting on wood for 
printing. 

Coppering Iron Cylinders. — ^The old method of 
coppering the iron rollers used in calico and paper 
printing was by means of a single cell and a 
number of porous pots arranged around the sur- 
face. The improved plan is much more rapid, and 
is incomparably cheaper. The dynamo-electric 
machine is usually employed to furnish the current 
required. Large vats of solution are used, and the 
anode plates are curved to correspond with the 
curvature of the cylinders. By these means from 
four to six pounds of copper can be deposited upon 
a cylinder in eight hours. The solution employed 
in the preparatory process is a cyanide one, de- 
scribed at p. 103. In this solution, as described, the 
cylinder is merely covered with copper. The main 
deposit is secured in a common sulphate solution. 
The vats should always be horizontal ones, and the 
cylinders should be rotated slowly. 

Deposition of Art and other Works. — ^This 
section is devoted to special treatment of art work, 
or electrotypes where rounded and undercut sur- 
faces are constantly met with, presenting greater 
difficulties than plain flat work, as treated above. 
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One of the most important points to be constantly- 
observed in depositing work with uneven sur- 
faces is the tendency of the deposit to become, 
thickened upon points and edges. Thus, a rounded 
surface presented to a flat anode will not receive a 
regular deposit ; the shell of copper will be thickest 
at the line nearest the anode, and will from this 
point graduate off to nothing. This is another 
way of simply saying that all parts of the cathode 
face must be equi-distant from the anode face. 

The smaller the articles deposited upon the 
more true is this, because the effect of the current 
is not sufficiently diffused to include all irregu- 
larities of the surface. 

All rounded exterior surfaces can be deposited 
upon regularly by the use of one or a pair of 
concave anodes. The anode plates in this case 
should be thin, and may be bent and curved to 
answer pretty closely to the outline of the cathode. 
When both sides of an object are to be deposited 
upon at once, it is better to employ two curved 
anode plates, so arranged as to allow free cir- 
culation of the liquid by agitation or otherwise. 
In some cases the nature of the exterior surface 
may necessitate the employment of several anode 
plates, all connected, of course, to the positive pole 
of the battery. The main object is to effect an 
equal distribution of anode surface over the object. 
A flat object to be coated upon both sides at once 
may be hung between two anode plates, or between 
the two sides of one plate bent to a (J shape. 
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Outside Under cuttings, — ^When a surface is very- 
irregular, and especially when it is undercut to 
any considerable extent, it presents points difiB.- 
cult to commence a deposit upon. In many in- 
stances these undercuttings are so deep as to 
prevent the effect of the anode from reaching 
them. In most cases, also, these are met with 
upon blackleaded work, which augments the 
difficulty. But by a little skill the deposit may- 
be commenced at those very difficult points 
by at first keeping out the regular anode, and 
employing one composed of a twist or two of 
copper wire, or a small plate sufficiently large to 
enter the deepest cavities of the cathode. When 
only a few of these cavities appear, the miniature 
anode may be mounted upon the end of a stiff 
wire, so that it may be bent to the position re- 
quired to lead the deposit just where the operator 
requires it to falL In some cases the current will 
be found too strong, and apt to give a black de- 
posit if the regular anode is removed ; but in any 
case the larger anode should be kept back until 
the hollows have been deposited in. By select- 
ing a stiff, stout copper wire, and making as many- 
loops upon it as will answer to the chief hollows, 
it may be so bent and arranged in a few minutes 
as to lead the deposit regularly into the hollows. 
These supplementary anodes must in all cases be 
connected with the positive pole of the battery. 

Or another plan may be adopted from the be- 
ginring; but it is not generally applicable or neces- 
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sary except when the undercutting is beyond the 
reach of the blacklead brush. Each hollow may be 
made to conduct better than the general surface 
by means of precipitated nitrate of silver (p. 169), 
or other solution used with elastic moulds. Under- 
cut surfaces are, however, frequently deposited 
upon without any of the devices here mentioned. 
It is well known that a high electro-motive force 
tends to spread a deposit over a refractory surface. 
In this way it is by no means impossible to drive 
a deposit over clean gutta-percha. Hence, by add- 
ing to the electro-motive force of the battery, and 
employing only a small anode, most of the ordinary 
depressions on a mould may be reached very 
shortly after the general surface has been coated. 
It is, however, of the greatest importance to secure 
strong metal upon hollows, because these require 
the most strength, being the prominent portions of 
the electrotype. 

The solution in the hollows, if allowed to rest, 
is very apt to become weak. The same may take 
place when anodes are employed to surround a 
cathode: in all such cases the solution must be 
made to circulate, by gently stirring or by shifting 
the anodes and cathode frequently. In some 
cases also copper anodes, unless of electrotyped 
copper, are so impure that the dirt set free effects 
much mischief. Platinum foil and wire are ex- 
tensively employed as anodes, where common 
copper would be inadmissible. Instances of these 
applications are given further on in this chapter. 
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Interior Work. — ^Deposits upon the interior sur- 
faces of moulds present those difficulties which 
most try the skill and forethought of the electro- 
typer. They must be formed, as has been shown 
in the section devoted to Preparattoriy upon all 
kinds of surfaces, and upon all the usual moulding 
materials. The most important outlook is to 
secure a really good conducting surface, as strong 
in the hollows as upon the heights. The nega- 
tive conducting system must be as perfect as pos- 
sible, and should especially include branches to 
all the hollow parts, as recommended at p. 175. 
These systems should, as much as possible, be so 
arranged as to allow of an anode being hung in the 
mould. The shape of this anode, in the case of a 
bust, should to a certain degree correspond with the 
interior outline of the mould. 

Anodes of platinum wire are frequently employed 
in this way, made up as a kind of frame to the 
general interior outline, but small enough to avoid 
risk of touching within the mould. These anodes 
are afterwards, if the deposit be of the shape to 
necessitate it, pulled out through a hole in the 
head of the bust, or from underneath. In most 
cases of bust work, however, including many 
natural objects, there is an opening at the base of 
the mould large enough to allow of the use of a 
cylinder of sheet copper as an anode. A constant 
stream of the solution should be caused to flow 
through all interior moulds where copper anodes 
are employed ; this is necessary, because these 
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anodes are constantly giving off dirt, which is apt 
to fall into hollow places and so prevent the for- 
mation of a strong deposit there. A stream of the 
solution issuing from the lower part of the mould 
will carry all the usual impurities with it to the 
bottom of the vat. 

Air bubbles, which in all classes of work give 
great trouble to electrotypers, must be especially 
guarded against in the deposition of interior work. 
Gas must also be avoided by regulating the cur- 
rent. Dipping the mould, or wetting it within, 
with spirits of wine has been recommended, but it 
is probably best to carefully carry out the instruc- 
tions given at p. 157, regarding thoroughly wetting 
every portion of the mould with water simply, 
before placing it in the solution. A camel-hair 
brush may also be employed when the hand can 
be placed in the mould. 

Some of the largest electrotypes, as that of the 
Earl of Eglinton (13^ feet high), made by Messrs. 
Elkington, are deposited by the process mentioned 
a-t p. 173. By these means, although the original 
(plaster bust or model) is destroyed in the process, 
most of the difiSculties are removed, and a convex 
anode, with a skilful distribution of leading wires, 
secures the formation of a rigid shell. By these 
means the shell is deposited in parts and after- 
wards soldered together. The great advantage of 
this method lies in the certainty with which the 
deposit may be led over the whole surface. Each 
section should be deposited to a given thickness. 
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or the lower portions of a statue may be made 
thickest to give strength to the whole. 

The deposition of copper as applicable to every 
kind of art work may be fully studied upon exte- 
rior rounded surfaces. As much as possible the 
primary conditions should resemble those applied 
in common flat work ; that is, the copper must be 
led to the required points by an intelligently- 
arranged system of anode surface and negative 
leading wires. The anode and negative wires 
should act in conjunction in drawing the deposit 
into difficult hollows. The deposit always first falls 
at the point where resistance to the current is weakest. 
Follow^ing this rule the protruding portions of the 
mould need no special arrangements to draw the 
deposit towards them. 

In Chapter VII. are given numerous particulars 
in the preparation of the work previous to placing 
it in the depositing vat. We are chiefly concerned 
here with the actual deposition of the copper, which 
is always comparatively easy to carry out when 
the work has been carefully prepared. The three 
chief points to observe are — ^to obtain good copper, 
to obtain it in the hollows first, or as soon as pos- 
sible by a combination of negative conductors and 
anodes, and to prevent the deposition of dirt upon 
any portion of the mould. 

The Cause of Slow Deposits. — Slow deposits are 
always caused by weak currents ; but the weak- 
ness of the current may arise from a variety of 
causes. As a rule, the deposit upon a blackleaded 
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surface is slow in forming, but this is due to the 
great resistance offered by the imperfect conductor. 
As soon as the surface is covered the speed of 
deposition is greatly increased if the current be of 
proper strength. Then it follows that if a good 
strength of current be passing a corresponding 
amount of copper should be secured. It will, of 
course, be understood that as long as the actual 
facing is being deposited the work will be slow 
unless the electro-motive force be increased. There 
is no economy in increasing the current during 
this stage of the process. When the word current 
is used here it signifies the actual current, not the 
current which might pass if the resistance and dis- 
tance apart were reduced. Thus, the currents 
yielded by a battery when on short circuit and 
when depositing copper are very different in 
strength. Work of any kind always reduces the 
current, and it is the amount of electrical energy 
actually passing that we have to deal with. Hence 
the work or depositing rate may be taken to be 
proportionate to the actual current. A rise of 
temperature will increase the current by decreas- 
ing the resistance. 

Dirty Anodes. — It may prove both interesting 
and instructive to give some particulars of the 
cause of the films observed on copper anodes. 
They are usually brown or black in colour, and 
appear on the dissolving surface in proportion to 
the amount of copper withdrawn. This dirt is a 
source of great trouble to the operator, because it 
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not only necessitates frequent cleaning of the 
anode, but falls to the bottom of the vat, and when 
disturbed is apt to get upon or into the moulds. 

If the plan recommended by the author — that 
of using only Daniell cells and employing their 
electrotype copper for anodes — ^were once tried, it 
would probably be always used, because the copper 
is quite free from the foreign matters spoken of as 
dirt. 

A chemist on analyzing the dirt found it to con- 
sist of a great number of different substances, 
among which the percentage of tin was 33, of 
copper 9, antimony 9, arsenic 7, silver 4, sulphur 2, 
and nickel 2. 

Cause of Nodules, — ^These are little lumps of 
copper which frequently appear on the back of an 
electrotype and retard the progress of the real 
deposit. They are caused chiefly by employing a 
current too small and an electro-motive force too 
high. The formation of these warty excrescences, 
however, greatly assists in the spreading of a 
deposit over a refractory substance ; they exert a 
repulsive effect which undoubtedly assists to a con- 
siderable extent the driving of a deposit into hollows 
in the mould. In such cases the current must be 
small. (See p. 197.) 

Redissolution of the Deposit — ^This must be espe- 
cially guarded against, as, besides retarding the 
progress of the work, it is apt to render it porous 
and spongy. It is chiefly caused by carelessly 
allowing the battery power to become too weak. 
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when the counter force of the depositing-cell (p. 18) 
is allowed to come into action to reverse the direc- 
tion of electrolysis and dissolve the cathode. The 
same may take place when the dynamo-electric 
machine is employed, by allowing the work to 
remain in the bath while the machine is idle. In 
this case, if an efficient safety circuit-break, such 
as that devised by the author (p. 84), is not fitted 
to the circuit, the polarity of the machine is very 
apt to become reversed, and the current reversed 
also on again starting the machine. The result is, 
of course, to dissolve the deposit, and probably 
destroy the mould. (See also p. 83.) 

Dynamo-electric Working. — ^Most of the necessary 
directions for the management of dynamo-electric 
machines have already been given (p. ^2^ Chap. III.). 
The bulk of liquid should be large, and an extended 
system of anode and cathode rods should cross the 
vat. The deposits are obtained with full current 
much more quickly than by the battery current, 
but no rapid deposition can be done on very small 
work ; this is the reason why dynamo-electric cur- 
rents are not economical unless employed in large 
baths upon large electrotypes. The battery current 
is better adapted in many ways for work of mode- 
rate size, and although it cannot be quicker in 
action than the machine current, it is in small 
operations much cheaper and more easily handled 
by the operator. 

Cost of the Process. — ^^Machine work is very much 
cheaper than battery work, and the copper on 
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large electrotypes deposited by 'machine is usually 
of better quality. The actual cost of the dynamo- 
electric current per pound of copper, including 
labour, is frequently less than threepence, but 
the general cost with small machines will be 
higher. The battery current, reckoning the zinc 
salts, &c., to be thrown away, cannot be much 
less, without labour, than sixpence per pound of 
copper, because the zinc costs about fourpence 
per pound and acid about three hali^P^^^®' -A-s a 
rule, the battery is more expensive than this, 
even in skilful hands, because two pounds of 
zinc are frequently dissolved in depositing one of 
copper. 

The process of depositing hard facings for elec- 
trotypes is described in the succeeding chapter. 



CHAPTER IX. 

Hard Facings for Electrotypes, 

ELECTRO-deposits of iron axe exceedingly hard 
and strongly adherent. When a copy from an 
engraved steel plate is thinly coated or faced with 
iron by means of electricity it is said to be " steel- 
faced/' and the term does not appear to be inap- 
propriate when it is stated that a steel-faced elec- 
trotype can be made to stand wear even better 
than the original steel engraving. Iron electro- 
deposition is, indeed, almost confined to the facing 
of electro-plates. When the steel face wears oflF 
the residue may be dissolved away by means of 
dilute sulphuric acid without injury to the real face, 
and the process repeated with all the orig^al 
sharpness an indefinite number of times. The iron 
takes ink more readily than most surfaces, and 
cannot, like copper, be injured by printing in ver- 
milion, the mercury of which combines with copper. 
The plates from which bank-notes and cheques are 
printed are in most cases iron-faced. 

Nickel may be used for the same purpose, and 
has lately been tried by the author with success. 
It is hard, strongly adhesive, and is more easily 
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deposited than iron ; it possesses^ indeed, all the 
good qualities of iron without its tendency to rust. 
The iron depositing solution is readily decomposed 
by absorbing oxygen from the air, and otherwise 
gives much trouble. Nickel solution, on the other 
hand, can be kept for years without spontaneous 
decomposition occurring. On account of these 
obvious advantages, directions for working a nickel 
solution are given at p. 114, and instructions for its 
use further on. 

Preparation of the Copper-plate. — ^At p. 1 1 o will be 
found directions for making up an iron solution, 
and for its preservation when made. When a 
copper copy of a steel engraving has been secured, 
as directed at p. 193, it is removed from the solution 
and well washed ; a level wooden block of the same 
size as the plate is covered with an adherent layer 
of stearine or wax, and the warmed copper-plate 
pressed face downwards upon it. When well 
secured in this way, and the face is protected from 
possible injury, the edges are sawn off square with 
the circular saw ; the back, covered as it is with 
variously-shaped excrescences of copper, must be 
partly filed, and afterwards, if possible, planed 
level ; the plate must, in fact, be made of a uniform 
thickness throughout. It is afterwards removed 
and the edges bevelled, so that when finished the 
plate shall be similar to the original. 

Before steel-facing, the surface of the plate is 
cleaned oflF carefiiUy by means of turpentine, ben- 
zine, and finally hot caustic potash solution, when, 
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after washing, it is ready for the depositing process. 
Gare should be taken not to touch the face of the 
plate with the fingers, as at that point the deposit 
of iron is liable to be defective and strip in the 
printing. The plate may be suspended in the solu- 
tion by means of two hooks of copper wire, upon 
which its lower edge may rest ; or a copper wire 
may be soldered to the back. .The former method 
is generally considered the better. 

A battery current of one gallon Bunsen cell 
(p. 50) is frequently employed, but it is too weak. 
Two cells should be used, exposing in each a sur- 
face of zinc at least as large as the plate to be 
faced. It is usually convenient to first immerse a 
plate of copper to find at what distance the anode 
should be placed from the cathode. The anode 
should have a surface about five times larger than 
the plate to be coated. When immersed for a few 
minutes, and a whitish coating is observed to 
spread over the surface, remove, wash, and rub with 
a brush ; remove again and wash after a few 
minutes. Treat as before, and when the iron has 
spread well inta all the lines it may be considered 
sufiiciently deep. Wash the plate in hot water 
very carefully when finally removed, and if not 
intended for immediate use, dry slowly and coat 
the surface with bees' -wax by the aid of heat. The 
deposit must not, of course, be allowed to go so far 
as to aflfect to any considerable extent the fine 
lines of the engraving, but it must be allowed to 
cover the whole surface of the plate. When a 
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strong current is used the deposit is more apt to 
contain gas, but this can be avoided by more fre- 
quent removal and brushing. The fingers should 
not be allowed to touch the face of the plate, 
except under the solution. 

A very large anode must also be used, otherwise 
the solution will get weak and acid. In this pro- 
cess the usual practice of providing an anode of a 
size equal to the cathode must be departed from. 
The iron composing the anode should be as fine as 
possible. Charcoal iron is generally employed 
with the best results. Gas is very apt to come off 
in the operation, but its presence, as the deposit is 
so thin, may be overlooked. The plate may with 
advantage be gently swung from side to side 
during the process. 

Ntckel-Factng. — This process is much more easily 
carried out than that of iron-facing. The nickel 
solution required is described at p. 114. It should 
be in good order, neither distinctly acid nor alka- 
line, but if anything the alkaline tendency should 
predominate. It is not even necessary in deposit- 
ing small quantities of nickel, such as those 
required in facing plates, to employ a nickel anode, 
but it is always desirable and wise to do so. Occa- 
sionally a platinum foil anode can be made to 
answer, but the state of the solution must there- 
after be brought into working condition by the 
addition of the abstracted nickel, and also sulphate 
of ammonia to represent the alkaline constituent 
necessary to balance the acid. 
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A current from one Bunsen cell will usually 
prove sufficient. Great care should be taken to 
remove every trace of wax from the plate to be 
faced by means of benzine, and afterwards to wash 
well in hot caustic potash solution ; it is even 
advisable to boil the plate in the solution for fifteen 
minutes, and afterwards to wash well in water. 
The fingers should on no account be allowed to 
touch the face of the plate, otherwise the deposit 
may fail to adhere to the parts. The anode should 
have a surface a little larger than the plate. When 
the latter is suspended in the solution, it will prove 
advantageous to go over its surface with a long- 
handled soft brush, to dispel any films of air or 
bubbles of gas. When the first trace of a deposit 
appears, the brushing may be repeated, and in a 
few minutes the plate may be removed, washed, 
and then replaced. At this stage the process is 
the same as that given for iron-faced plates. The 
deposit will be sufficiently thick when it has 
entirely covered the plate. 

A strong current offers no advantages; it is 
liable to produce a porous deposit, even in the 
extremely thin coating required ; it is apt also to 
fill the hollows with gas and prevent the deposit 
from spreading easily between the lines. The 
object to be attained is a deposit accompanied with 
little or no gas. Rapid deposits are apt to be 
softer than slow deposits in the copper solution, ^ 
and this is not less true when applied to nickel. 
Deposits formed slowly are always more highly 
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crystalline than those formed quickly, and are 
therefore harder and more brittle. There is little 
or no tendency to strip, even when the plate has 
been prepared carelessly. 

Brass-Facing. — Electro-deposited brass may be 
made very hard, and thus forms a good facing 
especially for bookbinders' tools. 

The process is somewhat difficult, but there is 
the advantage of being able at will to obtain hard 
and soft brass according to the proportion of zinc 
contained in the deposit. The solution required 
has been described at p. 1 15. 

The articles are prepared as for iron or nickel 
facing. The anode used should be of a hard yellow 
brass. One cell of the Bunsen type will deposit 
the alloy, but two are generally used to hasten the 
operation. If the brass should be red it will prove 
soft, and contain too great a percentage of copper. 
A solution with this defect may be corrected by the 
use of a zinc anode until the brass exhibits a rather 
pale colour. When the zinc constituent of the 
alloy is in excess it adds, up to a certain point, to 
the hardness of the deposit. The process of depo- 
siting should not be hastened, because too great a 
proportion of copper is then thrown down, and the 
zinc itself tends to add to the softness. What is 
really required in a brass-facing is great hardness 
and perfect adhesion between the real surface and 
the artificial face. 

The author has successfully tried a method ot 
giving to ordinary electrotypes a very hard face by 
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means of zinc. The first deposit thrown upon the 
mould, forming the surface of the electrotype, is 
precipitated by the aid of increased battery power, 
and in a solution of which zinc forms a part. This 
deposit secured, the electrotype is removed and 
completed in the ordinary copper bath. The result 
is a facing much harder and more durable than 
copper itself, with the additional advantage that it 
does not, like pure copper, readily give way when 
printing vermilion. 

A solution suitable for this work may be made 
in a separate vessel by simply working a copper 
bath with a brass anode and a current from about 
three Bunsen cells in series, until a good hard 
deposit can be secured upon a copper plate or a 
blackleaded surface. The ordinary copper bath 
should not be employed for the purpose. Gas is 
generally given off, especially at the cathode, the 
surface of which should be frequently cleaned by 
means of a soft brush. When the deposit becomes 
too pale employ a copper anode for a time. 
(See p. 187.) 



CHAPTER X. 

Final Preparation of the Work. 

After an electrotype is removed from the de- 
positing solution, it is "finished;" that is, trimmed, 
backed, and mounted, if it belong to the printing 
class, or .trimmed and joined to its corresponding 
section if it belong to the art electrotype order. 
The finishing of printing electrotypes is by far of 
the greater importance, and requires the exercise 
of the best skill ; it generally is, and always should 
be, a distinct operation, performed by special 
workmen trained to it. In most cases the finishing 
and correcting of printing electrotypes demands 
the attention of more than one special workman, 
as will be judged from the condensed description 
of the whole process given herewith. 

Finishing of Printing Surfaces. — ^When the elec- 
trotype is judged to be thick and rigid enough 
(-j^Y^d of an inch for backed work), the mould is 
removed and well washed. It is laid electrotype 
upwards and hot water poured upon the latter; 
this has the effect of softening the wax and fireeing 
the shell. When any fragments of the shell hang 
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over the edges of the mould they should be clipped 
o£F previous to heating. A minute examination 
should be made at this stage of the face of the 
shell in order to find any defects that may exist, 
especially pinholes. 

Tinning, — ^The backing process is preceded by 
that of tinningy in which floating or tinning-pans 
and the backing metal bath mentioned at p. 137 
are employed. The tinning-tray is first floated 
upon the molten metal until quite hot ; the electro- 
type is laid upon it, face downwards, and a quan-* 
tity of hydrochloric afiid, in which zinc has been 
dissolved to saturation, thoroughly brushed over 
its back. This solution of zinc is usually called 
tinning or soldering fluid, and should be kept in a 
bottle for use. The tinning metal is usually a 
mixture of lead and tin, prepared by melting 
together equal parts of tin and lead, and either 
running it into thin sheets, to be cut into strips 
for use, or pouring it into water to obtain grain 
solder, A quantity of this solder is sprinkled over 
the back of the shell, and caused to spread, when 
melted, by the aid of a stick of solder or a stiff 
brush wetted with the soldering fluid. The tin 
must in all cases spread all over the electrotype 
back, and must also be caused to " take " to the 
surface, as mercury is observed to amalgamate 
with zinc. 

Precautions. — In the case of there being pinholes 
through the electrotype, the soldering fluid must be 
used more sparingly, because it is apt to find its 
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way through the defects and attract the solder to 
the front, spoiling the printing surface. If the 
soldering fluid should exhibit any tendency to turn 
black upon the surface of the shell, a little water 
may be added to it, also a fragment of an alkali, 
as chloride of ammonium. Care should be taken 
to keep the heat as low as possible, consistent 
with free difiusion of the solder. If the shell 
should exhibit a tendency to curl up at the edges, 
weights of any kind may be employed to keep them 
flat until backed and cool. 

Backing, — ^When properly tinned, iron bars may 
be so placed, if necessary, as to confine the metal 
to be poured on to the surface of the shell. The 
backing metal is ladled out of the melting-pot and 
poured upon the shell, commencing at one comer, 
until a moderate thickness is attained, so that 
enough may be left to plane down to gauge. Both 
tray and shell are removed together and allowed to 
cool. 

Squaring, — ^The superfluous width of shell and 
back may now be reduced by means of the circular 
saw to within one-fourth inch of the engraving or 
type, care being taken to cut square and straight 
to gauge. 

Levelling. — Shells are seldom sufficiently rigid 
to prevent slight twisting or depression of the 
printing surface from appearing. When backed 
and cool they are, therefore, examined by means 
of a straight-edge and callipers, and any depres- 
sions from the general surface carefully marked on 
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the back. After this examination, the printing 
surface is placed upon a level and smooth iron 
block and the depressions corrected from the 
back by means of a smooth and round-faced ham- 
mer; the blows should not be harder than will 
actually serve the purpose. When the face is 
"home" to the level, which is indicated by the 
solidity of the sound, it should be again examined 
from the other surface by means of the straight- 
edge. Sometimes the plate is further "planed" 
by the application of a printer's planing-block, of 
small size. 

Roughing, — ^This is the next operation ; it con- 
sists in cutting away, by means of a "roughing 
lathe," all backing metal not parallel with the 
printing surface of the electrotype. In . many 
cases this process is made to complete the plate 
previous to mounting. The lathe has already 
been described (p. 138). A single layer of thin 
paper should be smoothly glued over the surface 
of the revolving face-plate to prevent injury to the 
printing surface. The electrotype should be se- 
cured by means of the chuck-jaws as nearly as 
possible in the centre of the face-plate, and re- 
volved at a high speed. The cutting-tool or knife 
should be kept moistened with water. When the 
plate has been faced it is removed, and should 
be finished in the planer to the standard gauge. 

In both the roughing and planing operations 
care must be taken that the electrot3rpe shall lie 
quite flat to the face-plate and the planing-bsd. 
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In the former case the chuck-jaws must be set so 
as to obviate twisting or bending the plate, or 
otherwise disturbing its accurate flat surface. It 
is always well to have at hand a small printing- 
press, in which a preliminary " pull " can be ob- 
tained, to prove the flatness of the plate. 

Bevelling, — It is now usual to bevel ofi" the edges 
of the electrotype in the bevelling machine, men- 
tioned at p. 139 ; but in some cases it is done by 
hand with a sharp file. A bevelling-plane is, 
however, much better adapted to the work, but 
care must be taken in either case to avoid work- 
ing too near to the edge of the engraving or type. 
When the electrotype is to be mounted upon 
wood, the bevelling may be done by hand and 
file, but otherwise it is not only necessary to square 
and bevel off" very accurately, but to make every 
plate of the same work correspond in size with 
any other plate of the set, otherwise much con- 
fusion is likely to result in arranging them for the 
printing process. 

Correcting and Routing. — In cases where the 
original plate has been perfect and care taken in 
producing the electrotype, there should be little 
need for the troublesome process variously known 
as correcting, picking, &c. But in general prac- 
tice there is constant work for the corrector, in 
picking out accidental points of backing metal, 
clearing lines, repairing damaged letters, and so 
on. In addition to this each electrotype should 
be "chipped" or ** routed" — an operation which 
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means the deepening of the central portions known 
as the "whites," so that they may not black in 
printing. 

The picking process must be conducted with a 
steady and skilful hand by the aid of a few 
engravers' tools. In repairing battered letters it is 
usual to either "knock up" or otherwise raise the 
surface from the back, and so obtain matter to 
work upon at the face, or to drill out the letter, 
square the hole, and insert a new one by the aid 
of solder and the blowpipe. When new letters are 
inserted, or new portions of a woodcut, care must 
be taken to insure that the new portion shall not 
be higher or lower than the old face. This class of 
work is secured from behind by wetting it with 
soldering fluid and soldering by the aid of a blow- 
pipe and a few grains of tinning composition. All 
points of tin or backing metal projecting through 
the face, owing to holes in the electrotype, must be 
carefully removed with suitable tools. 

The chipping or routing operation is done on a 
small scale by means of sharp chisels with rounded 
faces and a hammer, but in the larger establish- 
ments a machine with a rapidly-revolving cutter is 
provided, which speedily cuts away and deepens 
the " whites." It is usually necessary in this ope- 
ration to cut away portions of the shell and some 
thin portion of the backing metal. 

Additions to the Electrotype. — In some cases the 
necessity arises for an addition to the plate, 
upon which the design of the engraving may be 
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continued; or sometimes two electrotypes of 
engravings may be combined to act as one. The 
greatest care is necessary in this work to insure 
that the joined edges shall be straight and true, 
otherwise the join will exhibit as a white line in 
the printing. The blowpipe and soldering bolt are 
generally employed in this work. 

Mounting. — Electrotypes of woodcuts are usually 
mounted upon mahogany blocks (p. 139), which are 
afterwards accurately planed to type gauge. The 
block should be of the same size as the plate ; it 
should not in any case be smaller ; its surface 
must be perfectly level, otherwise the plate will 
be twisted, and will not print all over its 
surface. 

In most cases holes should be drilled in the plate 
for the pins, because driving them through the 
metal frequently tends to twist the surrounding 
portions. French pins with small heads are usually 
employed. They should be placed around the 
edges first; a pin or two should be driven well 
home in the whites. The holes should be counter- 
sunk, so that the pinheads may not protrude. A 
steel punch and hammer must be used. All the 
pins should not be driven home at once as they are 
entered, but afterwards, as the plate tends to lie on 
the block. Flatness and freedom from warping is 
the object of this. The electrotypes, after being 
mounted, are always gauged by passing them 
under a standard gauge mounted on a level plate. 
Each block should be planed carefiiUy to the gauge. 
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or if anything rather thinner, as they can after- 
wards be corrected for height by underlaying with 
paper. 

Storing Electrotypes. — Plates mounted upon wood 
should always be kept in a dry place, because the 
mahogany is apt to absorb moisture and warp or 
swell. As a rule, electrotypes of this class should 
be stored in shallow drawers, only slightly deeper 
than type-high. In packing, the printing faces 
must always be protected by one or two layers of 
soft paper, and care should be taken to so arrange 
the blocks as to be free from shaking or possible 
movement. The top and bottom faces of the sets 
of plates should always be turned towards each 
other for the sake of protection. 

Rotary Electrotyped Plates, — ^The flat electrotypes 
may be arranged in the form of cylinders when 
required to be worked upon rotating printing 
machines. Several methods aire in use. The 
shell should first be corrected to the flat form 
and then tinned on the back. In curving it a 
cylinder of the required size may be used, and an 
outer convex casing provided, between which and 
the electrotype back a layer of backing metal may 
be poured. The final corrections and planing may 
then be proceeded with, similar to the methods 
adopted in finishing common stereotype plates. 
By employing moulding cases of a convex pattern, 
filled to a uniform height with the wax composi- 
tion, convex printing surfaces may be deposited 
upon moulds from curved stereo-plates. 
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Finishing Art Work. — Medallions may be 
backed with pitch, plaster of Paris, sealing-wax, or 
backing metal. In the latter case, the shell is 
placed on a wire-gauze plate, or on a bed of 
asbestos, and heat applied gently from underneath ; 
the back is wetted with soldering fluid and tinned 
exactly as described (p. 213) for printing shells. 
The backing metal may be poured on or melted in 
position by means of a blowpipe. This backing 
is, of course, applicable to all flat art work of the 
medallion kind. 

When two electrotypes of a medallion have to 
be joined together to resemble the original, they 
must be trimmed with the file and shears, and 
levelled to the required thickness. Heat may then 
be applied and the backs tinned ; a layer of back- 
ing metal may also, if required, be melted upon 
each. When the two sides are properly adjusted 
to each other, so that the faces may lie correctly, 
additional heat, gently applied to avoid oxidation, 
will melt them in position, and the edges may be 
finished off with the file. In some cases a slight 
coating of copper around the edge may be applied 
to cover over the join and give the reproduction a 
finished appearance. A number of recipes for 
colouring and bronzing the finished electrotypes of 
all kinds have been given at p. 184. 

Busts. — When a bust has been electrotyped in 
two parts the shells are trimmed with shears and 
file until their separating edges agree. The edges 
may then be wetted with soldering fluid and tinned 
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with an ordinary tinman's bolt. When the edges 
are placed together, the flame of a lamp directed 
upon the seam by a common blowpipe can be 
made to heat the shells sufficiently to melt the 
tinning and secure the joint. When finally 
rubbed over with the file the joint may be 
bronzed. 

In cases where the hand may be placed within 
the joined-up shells the uniting process is sim- 
plified by employing the soldering-iron. In many 
cases the shells are too weak to stand fair 
usage, and they must be backed by tinning and 
pouring on metal, as described for printing plates 
(p. 214). The backing in this case should be allowed 
to run into the hollows, because these are usually 
the thinnest portions of the shell. These hollows 
are often so weak by reason of defective anode 
arrangements that a slight touch will dimple them, 
and they are frequently pierced with holes, due to 
air bubbles or gas. Through these holes the tin- 
ning and backing metal are apt to run, but the 
protuberance can easily be chipped off and the 
spots bronzed or covered with bronze powder dusted 
upon gold size. 

Shells that are required to support any consider- 
able weight must be more rigid than common 
shells. The additional strength may be always 
applied by means of backing metal. When large 
shells are heated to be tinned and backed, various 
substances may be spread over their surfaces, so 
that they may be floated direct upon the molten 
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backing metal. They may be blackleaded all over 
or covered with other substances to prevent the sur- 
face from " taking " the metal upon the wrong side. 
Smaller shells can be readily heated by means of 
a well-distributed gas flame through a bed of 
asbestos. 
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CALTS of copper, 31 
electrolysis of, 33 
Salts of iron, 36 
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plate-moulding compo., 143 
Steel engravings, preparation of, 
167 

electrotypes from, 193 
Stopping-ofF compositions, 149 
Storing electrotypes, 219 



'T'ANGENT galvanometer, 93 
Temperature of solution, 107 

Terminals, 56 

Tests for new solution, 109 

Thermo-electric batteries, 71 

battery, Clamond's, 72 

Noe's, 74 
Thickness of deposit, 192 

Tinning metal, 38 

trays, 137 

process of, 213 
Trays, tinning, 137 

medallion, 154 

T JNDERCUTTINGS, 196 

Urquhart's safety current 
interrupter, 84 
resistance scales, 128 , 
medallion trays, 154 

\TA.T, small, 118 

large, 122 

plan of, 124 
Veber, unit of current or quanti- 

tity, 90 
Vessels for alkaline solutions, 129 

iron solutions, 130 
Volt, unit of electro-motive force. 

Voltameters, water and copper, 
93 

T^EBER, unit of current, 90 

Weston's machine, 88 
Wilde's machine, 88 
Work and current, relations be- 
tween, 21 

71NC, 37 

for batteries, 56 
to cut, 57 
to bend, 57 
to amalgamate, 57 



THE END. 
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OPINIONS OF THE PRESS. 

" The author has carefully thought out his subject, and should be con- 
sidered by all platers who aim at doing good and lasting work." — 
Engineer. 

" An excellent practical manual." — Engineering. 

" The information given appears to be based on direct personal know- 
ledge . . . Its science is sound and the style is always clear." — ^Athen^eum. 

"Any ordinarily intelligent person may become an adept in electro- 
deposition with a very little science indeed, and this is the book to show 
him or her the way." — Builder. 

"A large amount of thoroughly practical information. . . . The author 
is at home in dealing with his subject. . . . Undoubtedly a useful work, 
and one which can be recommended." — Telegraphic Journal. 

"Any amateur will find no difficulty in understanding the book from 
beginning to end. Everywhere it shows signs of having been drawn up 
after considerable experience on the part of the author." — Spectator. 

" The volume is without a rival in its particular sphere, and the lucid 
style in which it is written commends it to those amateurs and experi- 
mental electrotypers who have but slight, if any, knowledge of the processes 
of the art to which they turn their attention." — Design and Work. 

"A thoroughly practical manual."- — Iron. 

"Peculiarly acceptable to those who find it necessary for the conduct of 
their business that they should be able to do some portion of their electro- 
plating." — Jeweller and Metalworker. 

" An excellent work, giving the newest information concerning the ever- 
progressive arts of electro-plating and electro-typing. Evident care has 
been taken to make the book as useful as possible by including all neces- 
sary information respecting the preparation of materials and their prices." 
— Horological Journal. 

" The author handles the subject most lucidly and practically, and the 
book is printed and illustrated in the good style usual with this firm." — 
Watchmaker and Jeweller. 

" The practice of the arts of electro-plating and electro-typing is fol- 
lowed out through the minutest details, so that the merest amateur may 
become familiar with the working." — Daily Chronicle. 

" The Handbook is entirely practical; it is a creditable production, and 
in matter and manner is a model of what elementary books should be." — 
Architect. 
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OPINIONS OF THE PRESS ON 
MR. URQUHARTS ''ELECTRIC LIGHT." 



" The art of electric lighting, owing to its very recent introduction, is 
far from being thoroughly understood, even by some of those engaged in 
its production. The general public, of course, understand it less ; but to 
both this work is calculated to prove useful. To the former there is much 
that will be novel as well as useful, and there are few intelligent men of 
any class who may not, by a careful perusal of it, be enabled to grasp the 
principles of the invention — at aU events gather sufficient facts to enable 
them to judge between rival systems of electric lighting and between these 
and gas." — Iron. 

<< As a popular work it will doubtless meet with considerable approval. 
. . . The book can be recommended to those who wish to learn some- 
thing about the electric light, while the practical information will be found 
useful to amateurs." — English Mechanic. 

" iVn interesting volume. . . . The volume is intended to be popular, 
and is, therefore, prepared in a style to suit the general reader, yet accuracy 
and systematic arrangement have been as carefully considered as if the 
book had been intended for the professional man. The work is unques- 
tionably one that will be extensively read and appreciated, and one, more- 
over, which may oiler important suggestions to inventors who turn their 
attention to the removal of the few defects stiU requiring removal in order 
■to make electric illumination generally applicable." — Mining Journal. 

** The book contains a general account of the means adopted in pro- 
ducing the electric light, not only as obtained from voltaic or galvanic 
batteries, but treats at length the dynamo-electric machine in several of its 
forms. . . . We welcome the present volume as an important addition 
to the literature of the electric light. Students of the subject should no 
fail to read it."— Colliery Guardian. 

'* As a practical exposition of the various systems of electric lighting we 
consider it likely to be useful to the large and increasing class who are 
interested in the subject." — Design and Work. 

** A clear and practical little book." — ^Westminster Review. 

<< It is the only work at present available which gives in language intel- 
ligible for the most part to the ordinary reader a general but concise history 
of the means which have been adopted up to the present time in producing 
the electric light. . . . The description of these various appliances are just 
sufficiently full to afford the reader a clear idea of their operation. . . . 
As a concise history of a vast deal that has already been accomplished, 
and as a reliable catalogue or list of the appliances at the disposal of those 
desirous of employing this means of illumination, the work will doubtless 
be accepted as a valuable addition to the literature at present available on 
the subject."— Metropolitan. 
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<< To those who wish to know the mechanical stages that have marked 
the progress of electric lighting, no better practical guide could be found 
than Mr. Urquhart's little work. Himself the inventor of an electric 
lamp, his practical acquaintance with the subject enables him to give such 
directions regarding the working of galvanic batteries, electric lamps, and 
dynamo-electric machines as cannot fail to prove useful to amateur workers 
in this field, for whom the book seems to have been more especially 
written. "—Scotsman. 

*< A volume capable of being made extremely useful by those who have 
to do with the practical working of electric lamps, galvanic batteries, 
dynamo-electric machines, and other means of producing electric light. 
... A well written, popular, and reliable manual. . . . We have no 
hesitation to give it a cordial welcome." — Leeds Mercury. 

« The book before us shows the steady progress which is being made by- 
electricians, who reasonably conclude, from what has been already accom- 
plished, that their complete triumph is not far distant. The author enters 
into full details of the principal systems of electrical illumination that have 
been recently introduced, and gives practical directions to students and 
amateurs with reference to the working of galvanic batteries, dynamo- 
electric machines, electric lamps, and other apparatus, much information 
being added by the editor, a well-known telegraph engineer, on historical, 
theoretical, and experimental points. As a popular and practical treatise 
on the subject the volume may be thoroughly recommended." — Bristol 
Mercury. 

<< Sure of a high place as a handbook and instructor in relation to all 
matters concerning galvanic batteries, electric lamps, and dynamo-electric 
machines." — Liverpool Albion. 

<< The present work may be said to be almost exhaustive on the subject 
of the electric light, so far as its latest developments have gone. The 
author takes us back to its first appearance in the world of science, and 
traces its progress through all the stages of its growth, up to the latest 
improvements of Mr. Edison. ... To all wishing to have before them 
a lucid explanation of all appertaining to the light of the future, this book 
may with confidence be recommended." — People's Friend. 

« Information about the electric light is usually derived from sensational 
newspaper paragraphs, and for the most part they are utterly unreliable. 
The public who have been fed upon this fare would prefer wholesome 
food if they could get it, but for a long time this was unattainable. They 
now have a text-book to consult whose authority is indisputable, and 
whose evidence is brought down to the present month." — British Mail. 
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Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst. 
C.E., and M. Inst. M.E. Illustrated v^ith 50 Double Plates^ 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. 6^. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
1 1. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearmg formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply. — VII. Wells. — 
VIII Reservoirs. — I A. The Purification 
of Water.— X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits.— XIII. Dis^ 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will b« found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber s work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical txcsidses,"—£n£^ineer. 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts* — Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst. C.E., and M.Inst. 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4tOy 
6/. i6s, 6d. half-bound in morocco. 

" A book — and particnlarly a large and costly treatise like Mr. Humber's — which 
has reached its third edition may certainly be said to have established its owu 
reputation. " — En^neering, 
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Humbers Modem Engineering. 

A RECORD ot tke PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprisiiig Civil, Mechanical, Marine, Hy- 
dianlic, Railway, Bridge, and other Engineering Works, &c. By 
William H umber, A-M. Inst C.E., &c. Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw C.E., F.R.S., &&, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List of the Plates and Diagratns. 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ plates) ; Ar- 
mour Plates ; Suspension Bridge, Tnames 
(4 plates) : The Allen Engine ; Suspension 
Bridge, Avon (3 plates); Underground 
Railway (3 plates). 
It will find favourwith many who desire 



Victoria Station and Roof, L. B. & S. 

C. R. (8 plates) ; Southport Pier (2 plates): 

Victoria Station and Roof, L. C. & D. and 

G. W. R. (6 plates) ; Roof of Cremome 

Music Hall ; Bridge over G. N. Railway ; 

Roof of Station, Dutch Rhenish Bail (2 
" Handsomely lithographed and printed 

to preserve in a permanent form copies of die plans and specifications prepared for the 

fniidance of the contractors for many important engineering works."—- i^Mi^Mwrr. 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &&, and descriptive Letterpress, Specifications, 
&c 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Viaduct, Merthyr, Tredegar, and AbeT:ga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates) ; Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Dinwell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 
H UMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M'Clean, 
Esq., late Pres. Inst C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Main Drainage, Mbtropolis.— 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (a plates^ ; 
Outfall Sewer, Bridge over River Lea (3 
Dlates); Outfall Sewer. Bridge over Marsh 
Lane, North Woolwicn Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridee over Bow and Barking 
Railway (3 plates): Outfall Sewer, Bridge 
over £ast London Waterworks' Feeder 
(2 plates); Outfall Sewer, Reservoir (2 
plates): Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist ^ Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall : Steamboat Pier, Westminster 
(2 plates) : Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) : Steamboat 
Pier, Waterloo Bridj^e (3 plates) ; Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Docks (s plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (a plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof. Channg Cross Railway (3 plates) ; 
Roaa Bridge over the River Moka (a 
plates)'. Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; St. German's 
Viaduct, Cornwall Railway (2^ plates) ; 
Wrought-Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates); Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbours, Ports, and Break- 
waters (3 plates). 
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Strains y Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulseand Corresponding Diagrams, 
iwith numerous Details for Practical Application, &c. By William 
HUMBER, A-M. lust. C.E*, &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7^. 6d, cloth. 
**The arrangement of the matter in this little voltooe is as convenient as it well 
could be. , . . . The system of employing diagrams as a substitute for complex 
computations is one justly coming into ^eat favour, and in that respect Mr. Humberts 
volume is fully up to the ^xtic&.'*— Engineering. 
" Hie formulae are neatly expressed, and the diagrams good.*'^AtJienaum, 

^ Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C. E. Second Edition, with 5 Plates. Royal 8vo, 5^. cloth. 

"The student cannot find a better little book on this subject than that written by 

Mr. Sheilds." — Engineer. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 

with Rules for application in Architecture, the Construction of 

Suspension Bridges, Railways, &c. ; and an Appendix on the 

Power of Locomotive Engines, and the effect of Inclined Planes 

and Gradients. By Peter Barlow, F.R.S. A New Edition, 

revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 

F.R.S. The whole arranged and edited by W. Humber, A-M. 

Inst. C.K 8vo, 400 pp., with 19 large Plates, \%s, cloth. 
"The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its vDis^nJ— English Mechanic. 
'* The standard treatise upon this particular subject." — Engineer, 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. HoDGKiNSON, 
F.R.S. With 9 Engravings and numerous Woodcuts.- 8vo, I2j. 
doth. *#* Hodgkinson's Researches, separate, price 6j. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for finding the Dischaige of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14^. cloth. 

"Undoubtedly an exceedingly useful and elaborate cwnpilation." — Iron. 
" Alike valuable to students and engineers in practice." — Mining youmal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 7^. 6flf. cloth. IJust published. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; ihowin^ its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Traut wine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts, ovo, 
%s, 6d, doth. %♦ Trautwine on Curves, separate, 5^. 

" The text-book on levellinc in most of our engineering schools and colleges."'- 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. SiMMS, M. Inst. C. E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.LC.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
" It has been ref^arded from the first as a text-book of the subject. . . . Mr. Claxk 
has added immensely to the value of the )aaQ\L"'— Engineer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.LC.E. Second Edition. i2mo, 4^. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst. C.F. 
Including a Treatise on Hydraulic Engineering, by George R. 
BuRNELL, M.I.C.E. Sixth Edition, Re\'ised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, *J5, 6^., cloth. \yu5t published. 

GaS'L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6^. 

Bridge Construction in Masonry ^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, vrith 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. \2s. 6<L half- morocco. 
" A work of die present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its value." — EnginteriHg, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C. E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 51. cloth. 



PUBLISHED BY CROSBY LOCKWOOD & CO. $ 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of * Railway Machinery,* &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding Plates, \%s» cloth. 

" All interested in tramways must refer to it, as all railway engineers have turned 
to the authoi^s work * Railway Machinery.'" — The Engineer. 

" Mr. Clark's book is indispensable for tke students of the subject." — The Builder, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 

. Operations connected with the Settlement of Waste Lands in New 

Countries. By Edward Dobson, A.I.C.E. With Plates and 

Wood Engravings. Revised Edition. i2mo, 5 J. cloth. 

" A workmanlike pramiction, and one without possession of which no man should 

start to encounter the duties of a pioneer engineer." — Athemeum. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GOODEVE, M.A., Barrister-at-Law, Author of **The Principles 

of Mechanics,'* "The Elements of Mechanism," &c. Third 

Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 

" Professor Goodeve has given us a treatise on the steam engine, which will bear 

comparison with anything written by Huxley or Maxwell, and we can award it no 

higher praise." — Engineer. 

" Mr. Goodeve's text-book is a work of which every young engineer ^ould pos- 
sess himself."— AfftWftWj^ journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 
*' If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their nxity^—EnglisA Mechanic, 

Mechanical Engineering. 

MECHANICAL ENGINEERING : a Practical Treatise on. 
Comprising Metallurgy, Moulding, Casting, Forging, Tools, Work- 
shosp Machinery, Mechanical Manipulation, Manufacture of the 
Stefam Engine, &c. By Francis Campin, C.E., Author of 
** Materials and Construction,'* &c. With Numerous Illustrations. 
i2mo, 3^. cloth boards. \yust published. 

Works of Construction, 

MATERIALS AND CONSTRUCTION: a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By Francis Campin, C.E., Author of 
**A Practical Treatise on Mechanical Engineering, &c." i2mo, 
3^. dd. cloth boards. 

Iron Bridges, Girders^ Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E. i2mo,3j. 
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Obliqiu Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo,8j. cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 laige Plates. By the late Gko. Watson 
Buck, M. I. C. K Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M.LC.E. Royal 8vo, i2j. cloth. 

'*The standard text book for all engtneen regarding skew arches Is Mr. Bu.k's 
treatise and it would be impossible to consult a better."— fflj^VMrr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COALGAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. i2mo, Sj. doth boards. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geolc^cal Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4J. ^. doth. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlisu-ged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4J. dd, doth. 
*' Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 

recommend the book not only to the practical driver, but to every one who takes an 

nterest in the peiformance (» locomotive engines." — Engineer. 

The Engineer y Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." Crown 8vo, 4f. 6d, cloth. 
*' From the technical knowledge of the author it will appeal to the railway man of 
o-day more forcibly than anything written by Dr. Smiles." — Snglish Mechanic, 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual fcr 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds (**The Engine-Driver's Friend"), Author of "Locomo- 
tive-Engine Driving," &c. With Plates and Woodcuts, and Steel 
Portrait of James Watt. Crown 8vo, 4J. 6t/. cloth. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Crown 8vo, 2j. cloth. \yu5t published. 
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Construction of Iron Beams, PillarSy &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3J. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Fore^ Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustratiohs, 
handsomely printed, 544 pp., demy 8vo, l/. 4^. doth. 
** We can most heartily commend thisbook." — En^itutring, 

"Mr. Younfifs book on 'Fire Engines and Fire Brigades' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands zovsid&TdL^Gtu'*'- Building News, 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy. B]f Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth E<lition, Enlarged, and 
partly Re- written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, idr. doth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Card^ 
and sold in a doth box, waistcoat-pocket size, 3^. 6dr. 
" Each table is printed on a small card, whidi^ being placed on the theodolite, leaves 
the hands free to manipulate the iQstrument.'*-y^Mjf«««#r. 

" Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. XAthencmm, 

THE PRACTICE OF ENGINEERING FIELDWORK, 

applied to Land and Hydraulic, Hydrographic, and Submarine 
Surve3ring and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 51., d. boards. 

Large Tunnel^ Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practicsd and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2j. cloth. 
" Many of the methods nven are of extreme practical value to the masoa, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the tempkites, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Building 
tfevus. 

" Will be regarded by civil en^neers as of the utmost value, and calculated to save 
muck time and obviate many mistakes "— 0//Af ^ Guardians 
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Survey Prctctice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D*A. Jackson, A-M.I.C.E. Author of "Hydraulic Manual and 

Statistics," &c. Large crown, 8vo, izr. 6^., cloth. 

" Mr. Jackson has produced a valuable vadt'tnecum for the surveyor. We can 

recommend this book as containing an admirable supplement to the teaching of the 

accomplished survevor." — AtheneeufH. 

" A general text book was wanted, and we are able to speak with confidence of 
^f r. Jackson's treatise. . . . We cannot recommend to the student who know» 
somethinjg; of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson's 
useful msinual. The field records illustrate every kind of siu^ey, and will be found 
an essential aid to the student." — Building News. 

" The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very- 
useful one and very agreeable to xtaA.**—'BuHd*r, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst C.E. Crown Ivo, y, cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he treats."— ^MiU!rr. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinn ear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c With numerous Illustrations. i2mo. 35. (yd, cloth boai^s. 
"The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coal Trades Revinv. 

" Seems a model of what an elementary technical book should be.** — Academy, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridge 
ment of *' A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. KiN- 
NEAR Clark, C.E., M.I. C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4^. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be \aA.**-^Er^ineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Cjjirk, C.E., M.I. C.E. Second Edit, revised. i2mo, 5j. cloth. 
" A book which every borougli surveyor and engineer must possess, and which will 

^e of considerable service to architects, builders, and property owners generally." — 

Building News, 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;*' "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 2s, 6d. cloth 
boards. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and PJotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and MiStiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth« 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2J. cloth. 
** The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, th« 

genuine traverse tables existmg all the same." — Athetueutn. 

"Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession." — Mining Journal, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. dd. cloth. 
" As a really handy book for reference, we know of no work equal to it ; and the 
railway ens^eers and others employed in the measurement and calculation of earth- 
work will mid a great amount of practical information very admirably arTanq:ed, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

' South Kensington. Fourth Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4^. 
** A copy of it should be kept for reference in every drawing office." — Engineering, 
** Indispensable for teachers of engineering ^vftvag.**'-Mechanics* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of ** Ure*s Dictionary of Arts." i2mo, 6s. cl. bds. 

** The best small technological dictionary' in the language." — Architect. 

*' The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete." — Mining journal. 
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MINING, METALLURGY, ETC. 

♦ 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of "A Treatise on 

Slate and Slate Quarrying/' With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. I2f. 6^. cloth. 

" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly/'— .^iVfM;^ Journal. 

" The volume is one which no student of mineralogy should be without' — Colliery 
Guardtan. 

" The author has gathered together from all available sources a vast amount of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such mfor- 
mation has hitherto been brought together within such limited space." — Atketutum, 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, careliilly revised. 1 2mo, y. 6d, cloth boards. 
" Mr. Davies has written a useful and practical hand-book on an important industry^ 
with all the conditions and details of which he appears familiar." — JSngymering'. 

** The work is illustrated by actual practice, and b unusually thorough and ludd. 
. . . Mr. Davies has completed his work with industry and ^\)X,'*--Builder. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, 5j. 
" Has the merit of brevity and conciseness, as to less important points» while all 
material matters are very fully and thoroughly entered into, —Slandard, 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By WiLLiAic Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
i2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, gs, cloth boards. 
" Students in the Science of Mining, and Overmen, Captains, Managers, and 

Viewers may gain practical knowledge and useful hints by the study of Mr. 

Moigans' Mantal." — Collitry Guardtan. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Survejdng, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Minmg and Civil 
En^eer. With four Plates of Diagrams, Plans, &c., i2mo,4J'. cloth. 
" Contains much valuable information given in a small compass, and which, as fa 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trtules Review, 

*,♦ The above, bound with Thoman's Tables. (See page 20.) 
Price *js, 6d, cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Croi^^Ti. Fifth edition, revised and corrected* 

i2mo, with numerous lUustations, 45. cloth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an outime is given of eveiy known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of readers." — Mining youmal. 

Underground Ptimping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of " The 
Cornish System of Mine Drainage." 8vo, i ^s, c]oth,iy us f^Mts^ed^ 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects (Sf Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. With numerous Diagrams. Fcap., 
I2s, 6d», strongly bound in leather. 
** Should be used by all who are engaged in the construction or design of vessels.* 
— Engineer. 

*' There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Atheneeunt. 

Grantham s Iron Ship-Building. 

ON IRON SHIP-BUILDING j with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2x. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR 
MULiE FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, ^, 

" A most useful companion to all marine ^n'SOMtKn**'— United Service Gtueite. 

** Scarcely anything required by a naval engineer appears to have been for- 
gotten."— /fv». 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text 8vo, 2IJ. doth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 

Preparation of Plans for Reads and Railways, Canals, Riven^ 

Tov.ns' Water Supplies, Docks and Harbours ; with Description 

and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 

With 14 folding Plates, and numerous Woodcuts. 8vo, I2J. 6d, doth. 

'* A most useful and well amunged book for the aid of a student" — Builder, 

'* Of the utmost practical utility, and may be safely recommended to all students 

who aspixe to become clean and expert surveyors."— ^mmVi^ ycurtuU, 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lOf. dd, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, y, cloth boards. 

Mathematical and Nautical Tables. * 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4^. cloth boards. 

Navigation {Practical) y with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. lUustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7J-. strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc., are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2j. 6^. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N.A. Illustrated. i2mo, 35. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 41. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 35. dd, cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Constrtution. — • — 

THE SCIENCE of BUILDING : An Elementaiy Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 47 Wood Engravings. Demy 8vo, &r. 6</. cloth. 
'* A very valuable book, which we stronsly recommend to all students." — Builder, 
'* No architectural student should be wiuout this hand-book.*' — Architect. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for ViUa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &^c 31 Plates, 4to, half morocco, gilt edges, \l. is. 
Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s. half morocco. 
'* The whole of the designs bear evidence of their beinsr the work of an artistic 
arrhitect, and they will prove very valuable and suggestive. — £uildinjf Newt, 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By Frederick Rogers. Author of 
** Specifications for Practical Architecture," &c. Cr. 8vo, dr. cloth. 
"Asa text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume."— -^S'to/M/ar</. 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. Tkis is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 3/. 3J. 
*«* Originally published in two volumes, folio, at 18/. \%s. 

Vitruvius' Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5^. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
HusKissoN GuiLLAUME, Architect. i2mo, cloth boards, 4^. 
*' Will be found an acquisition to pupils, and a copy ought to be cunindered as 
necessary a purchase as a Dox of instruments." — Architect. 

" A large amount of iuformation, which youne architects will do well to acquire, if 
they wi^ to succeed in the everyday work of their profession. "^^mj^/uA Mechanic. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, yj. 6^. boards. 
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The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wUl it 
Cost to Build, Alter, or Repair? A Price- Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, A.R.I.B.A., 
Surveyor. Third Edition, carefully Revised. Crown 8vo, 3J. 6</., 
cloth. IJust published. 

*• In two years it will repay its cost a hundred times over." — Fie id. 

*' A very handy book for those who want to know what a house will cost to build, 
alter, or repair/' — English Mechanic, 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of " Treatise on Steam Boilers," &c., &c. 
Crown 8vo, 31. dd, cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar-General 
of York. Author of "Clocks and Watches and Bells," &c. 
Second Edition, i2mo, 5^. cloth boards. 
*' A book which is alwajrs amusing and nearly always instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to recommend 

all persons to read it for themselves. The style throughout is in the highest degree 

condensed and epigrammatic."— Zim/f. 

** We commend the book to the thoughtful consideration of all who are interested 

in the building ait.**— Builder. 

Architecturey Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIU.S, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq. ; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, izr. 
*^* Sold separately, in two vols., a^ follows — 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price 6j. half -bound. 

N. B. — This is the only edition of VITR UVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Design, by Garbett. ds. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING*: a Practical Manual ol With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of ** Building Construction," &c. 
Third Edition, carefully revised. i2mo, 6s. cloth boards. 
'* Contains a mass of information of use to the amateur and of value to the practical 
man." — English Mechanic. 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4^. cloth. 
" The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building. — Iron, 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. iix. dd. 
** In this work forty-four specifications of executed vrorks are given. . . . Donald- 
son's Handbook of Specifications must be bought by sdl architects." — Buiider. 

Specifications for Practical A rchitecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

*4^* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface^ 

Designings Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS ; contaming 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. td, doth. 

*' Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the ^otkj*— Engineering^, 

Beaton s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements." Second Edition. Waistcoat-pocket size. is. 6d. 

Beaton* sBuilders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, ij. dd. 
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1 6 WORKS IN CARPENTRY, TIMBER, ETC., 

Builders and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
Ac, &c. The whole revised and edited by F. T. W. Miller, 
A.R.I.B.A. Fcap. half-bound, 41. 



CARPENTRY, TIMBER, ETC. 

— ■♦ 

TredgolcTs Carpentry y new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
In this edition), Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2J., reduced to \l. Jj. cloth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue. — Buildtr. 

**A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
clme. The additional plates are of great intrinsic \9lxM.**'— Building News. 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, &c., &c. ; 

together with Copious Information for the Retailer and Builder. 

2nd Edition. Carefully revised and corrected. i2mo, y, 6d. cloth. 

" Everything it pretends to be : built up g^dually, it leads one from a forest to a 

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 

cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6j. cloth. 

TaJ)les for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, y. 6d. cloth. 
" WiU save much labour and calculation to packing-case makers and those vrho usv 
packing-cases." — Grocer. ** Invaluable labour-saving tables." — Ironmonger. 
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Hortofis Measurer, 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided/ Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
"With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&C. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided colunm. By Richard Horton. 
Third edition, , with considerable and valuable additions, i2mo, 
strongly bound in leather, 5J'. 

Horton s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By p.. Horton. i2mo, is. leather. 

Nicholsons Carpmter's Guide, 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. u. doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, 3J. cloth. 
''Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3^. td, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
1 2 J. 6^. cloth. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the con- 
version of timber. "~A rchitect. 

*' The most comprehensive compendium^ of wood-working machinery we have 
seen. The author ts a thorough master of his subject." — Building News. 

•' It should be in the office of every wood-working factory .**— English Mechanic. 
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MECHANICS, ETC. 
Turning. — • — 

LATHE-WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With numerous Illustrations drawn by the Author. 

Crown 8vo, Sj. cloth. \jfust published, 

" Evidently written from personal experience, and gives a large amount of just 

that sort of information which beginners at the lathe require. "—ZJw/iafr. 

" Expounds the art and mystery of the turner in an informative fashion. "-^Scotsman, 
" Mr. Hasluck's book wiU be a boon to ATazXexxv%."'-ArcAitect. 

Mechanids Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit, with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&C. ; and an Extensive Table of Powers and Roots, i2mo, 55. bound. 
** AdmJrahly adapted to the wants of a very lari^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a gnat many 
men who, in a great measure, owe their rise in life to this little work." — Building News, 

Engineers and Machinist* s Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Temflkton. i8mo, zs, 6d. 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be made."— ^kaUmi^ Nrws, 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. By J. Hawkings. Fcp. 3J. 6d. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
S3fstem of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban. Translated from the German, 
with Notes, by Dr. Pole, F.R.S. 8vo, i6j. 6^. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 

struction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. i2mo, 6j. doth. 
" The best work on boilers which has come under our no\.\c^ y—Eng^ngering^. 
'• The best treatise that has ever been published on steam \)oi\en.'*— Engineer. 

Poiver in Motion. 

POWER IN MOTION: Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R. A.S., &c., post 8vo, 6j. cloth. 

" Studiously poptular .... The application of the various branches of physics to 
the industrial arts is carefully shown." — Mining Journal. 
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MATHEMATICS, TABLES, ETC. 
Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
lor the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Purs Mathematics — comprising Arithmetic, Algebra, Geometiy, 
Mensuration, Tr^onometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodjniamics, Pneumatics, 
Mechanical Agents, Strength of Matenals. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. \s. cloth. 

" The engineer or 2ux:hitect will here find ready to his hand^jiiles for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all cases 
explained by means of examples clearly worked out." — Buitder, 

The Metric System. 

A SERIES OF METRIC TABLES, In which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DOWLING, C.E. 2nd Edit, revised and enlarged. 8vo, lOf. (id, cl. 
" Their accuracy has been certified by Prof. Airy, Astronomer-Royal.''— ^M^isr. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William In wood. Architect The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c By M. F^dor Thoman. i2mo, &r. cloth. 
'* Those interested in the purchase and^ sale of estates, and hi the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent ^erfvat.**—'Enginetring. 

Geometry for the Architect y Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, . and 
Mechanic. By E.W. Tarn, M. A., Architect. DemySvo, I2j.6^. cl. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, $s. doth. 

Weights, Measures^ Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis' of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S. B. WooLHOUSE, F.R.A.S. i2mo, 2s. 6d, cloth boards. 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Titles of Logarithms for the more Difficult Computations oi 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FfcDOR Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit, i2mo, 4r. 6</. d. 
" A very powerful work, and the Author has a very remarkable command of his 
■ubject."'— Aie^jwr A. tU Morgan, 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from i«. per cwt. to 112/. per 
cwt., and from one farthing per lb. to \5. per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Down ie. 396 pp. , 9^. , leather. 
" A most useful set of tablesi and will supply a want, for nothing like them before 
existed.** — Building Nrws, 

Iron and Steel. 

'IRON AND STEEL'.- a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of 'The Slide Rule,' &c. Eighth 
Edition. With folding Scales of *' Foreign Measures compared 
with the English Foot," and "fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 32mo, 6s., 
leather, elastic-band. 
*' For comprehensiveness the book has not its equaL" — Iron. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10, 266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5^. , strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from 1 4 to 90 per cent.. 
Tables of Discount from i J to 98I per cent., and Tables of Commis' 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8 c o, 1/. 5^., half-bound. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 21 

SCIENCE AND ART. 



The Construction of tJie Organ, 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M. A., Precentor of Ely Cathedral. Crown 8vo, 5j. cloth. 
"In many respects the book is the best that has yet appeared on the subject. We 
cordially recommend it."— ^m^/mA J/tfcA^iiit/r. 

** Any practical amateur following the instructions here given might build an 
organ to his entire satisfaction." — Leeds Mercury. 

Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formuloe, Tables, and Receipts for Gold 
ilate, Clasps, Solders, etc., etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, 7j. (>cL cloth. 
*' The work is very practical" — Monthly Review of Dental Surgery. 

"An authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students preparinf; for the profession of dentistry, as well as to every 

mechanical dentist." — DtJflinJoumal qf Medical Science. [and Circular. 

" The best book on the subject with which we arc acquainted." — Medical Press 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
EdWards Wright, B.A. Crown 8vo, 3^. dd, cloth. 

"A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Morning Advertiser. 

*' We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK :, containing full mstruc- 

tions for the Alloying and Working of Gold. Including the Art of 

Alloying, Melting, Reducing, Colouring, Collecting and Refining. 

. The processes of Manipulation, Recovery of Waste, Chemical and 

Physical Properties of Gold, with a new System of Mixing its 

AUojTS ; Solders, Enamels, and other useful Rules and Recipes, &c. 

By George E. Gee, Goldsmith and Silversmith. Second Edition, 

considerably enlarged. i2mo, 3J. dd, cloth boards. 

" The best work yet printed on its subject for a reasonable price. * —yeweller. 

** We consider that the trade owes not a little to Mr. Gee, who has in two volumes 

compressed almost the whole of its literature, and we duubt nst that many a young 

beginner will owe a part of his future success to a diligent study ol the pages which 

are peculiarly well adapted to his use." — Clerkenwell Press. 

" Essentially a pactical manual, well adapted to the wants of amateurs and 
apprentices, containing trustworthy informatiun that only a practical man can 
supply.'' — English Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 

stnictions for the Alloying and Working of Silver, including the 

different modes of refining and melting the metal, its solders, the 

preparation of imitation alloys, &c. By George E. Gee, 

teweller, &c. l2mo, 3^. 6^. cloth boards. 

" llie chief merit of the work is its practical character. The workers in the trade 

will speeoily discover its merits when tney sit down to study xt,**-— English Mechanic, 

*'This work forms a valuable sequel to the author's Practical GoldworkeTf and 

supplies a want long felt in the silver trade." — Silversmith's Trade Journal, 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for tlie Working of Galvanic Batteries, Electric Lamps, 
and Djmamo-Electric Machines. By J. W. Urquhart, C. £., 
Author of " Electroplating : a Practical Handbook." Edited by 
F. C. Webb, M.lC.K, M.S.T.E. With 94 Illustrations. 
Crown 8vo, 7j. 6^. cloth. 
" It b the only work at present available, which gives a general but concise hist r 

of the means S^hich have been adopted up to the present time in producing th 

electiic Mgjbl.**— Metropolitan, 
"An important addition to the literature of the electric light. Students of the 

subject should not fail to read it" — Colliery Guardian. 

Electroplatings (Sfc. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, Sj. cloth. 

" A large amount of thoroughly practical information." — Telegraphic JoumaL 

" An excellent practical manual. — Engineering. 

*' The information given appears to be based on direct personal knowledge. . . . 
Its science ts sound, and the style is always ile»x.'*—Atheiueu9K. 

"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way." 
^Builder. 

"The volume is without a rival in its particular sphere.** — Design and Work. 

Electrotyping, &c. 

ELECTROTYPING : a Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro -deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. \yust published, 

" Will serve as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of electrotyping." — Iron. 

** The book throughout is entirely practical, is lucid and clear in style,^ and the 
minutest details are so stated that amateurs will find no difficulty whatever in follow- 
ing them out. We have no hesitation in recommending it as a reliable work." — 
Paper and Printing Trades youmal. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Ko3ral Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions \ containing nearly 350 
Engravings and many himdred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, 4/. lor. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, doth, with separate Atlas of 12 Plates, \2s, complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, DryseUters, Brokers, &c By J. 
W. Slater. Post 8vo, ^s. 6d. cloth. 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ 1 2 J. dd, cloth. \Just published. 

This work provides (i) « Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers ^ and for those already in the field vuho desire to improve their 
plants or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. - 



Chap. I. Choice of Site 'and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon thejNoxious Vapours Ques- 
tion — ^Vl. The Hargreaves' and Jones' 
Processes — ^VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonattng or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Nojiious Vapours Question. 



"The author has eiven the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language."— ^«!if7«^^r. 

*' This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is ver^ fully described in this manual, and 
each imptrovement explained. Everythine which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with gjeat completeness." — Athenceum. 

"The author is not one of those clever compilers who, on short notice, wiH 'read 
up' any conceivable subject, but a practical man in die best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which^ have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally smpreciated, we must pronounce a credit alike to its author 
and to the enterprising nrm who have undertaken its publication."— CA^i»<V«/ 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In* 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2j. dd, cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide^ alike indispensable to the housewife as to uie i^armaceutical practitioner."— 
Medtcai Times, 

'* Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Nature, 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ is,, in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31J. Cd. 

OPINIONS OF THE PRESS. 

" This series, besides affording papular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things' which every well-wisher of his kind is anxious to 
promote. ^ Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment." — Times. 

** A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — S/ectator. 

"The 'Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

'* Whether we ccmsider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner. 

%• Separate books formed from the above, suitable /or WorkmetCs 

Libraries, Science Classes^ &*c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gUt, $s, 

THE MICROSCOPE. Containmg Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &C. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. dd, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c 85 Illus- 
trations, cloth gilt, 2J. dd, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, zs, 

POPULAR ASTRONOMY. Contoinmg How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. dd, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, zs. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, doth gilt, is. 6d, 
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Dr. Lardnet^s Handbooks of Natural Philosophy, 

*♦* Thefollowinz five volumes^ though each is Complete in itself ^ and to be pnr' 
chased separately^ form A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
z'arious departments of Physical Scietice^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to suMly Manuals such as are required by 
the Student ^ the Engineer ^ the Artisan^ a?ta the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations^ throughout sire studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, 51. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation, this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6j. cloth. 
" The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurlung doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New EdiHon. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. cloth. 
" Written by one of the ablest English scientific writers, beautifully and elaborately 
TMwaX.mX.td.'*— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8vo, 5j. doth. 

" The book could not have been entrusted to an^ one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^g up his 

work to the present state of scientific knowledge." — Popular Science Retnew, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 91. 6^., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athemeum. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — ^but at 
the same time correct— acquaintance with this sublime science."- Quarterly youmal 
of Science. 

Dr. Lardnet^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAI. PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 7j. dd, 
" We have no hesitation in cordially recommending it."— Educational Timet. 
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Zfr. Lardfier's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnsr. 

338 lUustrations. Sixth Edition. I voL y, 6d, doth. 
'* Convey*, in clear and precise tenns, general nodons of all the principal dxvisioos 
of Phvsical Science."— ^n/^A QuarUriy Rsvitw, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnkr. 

With 190 Illustrations. Second Edition, i vol. 3^. 6d, cloth. 
"Qeariy written, veil arranged, and excellently iIhistnited.''—<?an^!ry(/r«'CArvii«r^. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. Bright, F.R.A.S. 
140 Illustrations. Small 8vo, 2j. 6^. cloth. 
' ' One of the most readable books extant 00 the Electric Tdegraph."— j^MSf. Mechanic. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with ^00 Woodcuts. 8vo, i/. 4r. cloth. 
" The accounts ^ven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting." — Lanctt, 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c With 470 Illustrations. Crown 8vo, 
\25. 6d. cloth. 
*'A reflex of the existing state of Electrical Science adapted for students." -> 
W. H. PrecQc, Esq., vide "Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable."—^ theHiPHm. 

" An admirable text-book for every student^beginner or advanced— of electricity." 
— Engineering: 

'* Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus."— f^j^/wA Mfchanic, 
"The work contains everything that the student can require." — Academy. 
*' One of the best and most useful compendiums of any branch of science in our 
literature." — Iran. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text- book of elec- 
tricity has grown into an admirable hzndhoo'k.*'-^JVesffnijtsier Review, 

Carriage Buildings &c. 

COACH BUILDING: a Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper Keeping of Carriages, 
&c. With 57 Illustrations. By Jamks W. Burgess. i2mo, 3^. 
cloth boards. [Just published. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
GEoiiGfi W. Victor leVaux. Fcap. 8vo, 5^. cloth. 

" A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of tlM arguments of those who would set God's Works against God's Word« 
No real difficulty is shirked, and no sophistry is left unexposed. ''—T'A^ Rock. 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— I. 
Alleged Discrepandes ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Mirade of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J.R. YOUNG. Fcap. 5^. cL 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Prindples of the Science ; 
and "Historical Geology,** which treats of the Mineral andOiganic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8yo, 5j. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5^. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA 5 being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7^. 6^ doth. 

Clocks^ Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late £. B. 
Denison), LL.D., Q.C., F.R. A.S. Sixth edition, revised and en- 
laxged. Limpdoth (No. 67, Weale's Series), 4r. 6</.; dothbds. ^s,td. 

'* As a popular and practical treatise it is unapproached." — English Mechanic. 

*'The Dcst work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. " — Engineering. 

"The only modem treatise on dock-making." — Morologtcal youmal. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2mo, 3J. dd. cloth. 
" The book is a most useful risumi of the properties of pigments." — Builder, 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B. A. Cr. 8vo, y. dd. d. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. I2s, 6d, bound. 
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Delamott^s Works on Illumination CfAlphoAets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners ; with a Rudimentary Treatise on the Art, Prac- 
tical DirMtioQS for its Exercise, and numerous Examples tsdcen 
from lUumiaated MSS., printed in Gold and Colours. By F. Dela- 
MOTTX. Small 4to, 91. Elegantly bound, cloth antique. 

'* The examples of ancient MSS. recommended to the student, which, with much 
food sense, the author chooses from collections accessible to all, are selected with 
judgment aind knowledge, as well as taste."— v4/A«««wm. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6^. ornamental boards. 

" For those who insert enamelled sentences round ^ded chalices, who blazon shop 
legends over shop-doois, who le^er church walls with pithy sentences from the 
Decalogue, this book will be useful "—^ ihenmum* 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 

MENTAL; including German, Old English, Saxon, Italic, Per- 

si>ective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 

Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 

engraved by F. Delamotte, and printed in Colours. New and 

Cheaper Edition. Royal 8vo, oblong, 2j. (id, ornamental boards. 

*' There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — StandartL 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. doth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, \5, dd, in ornamental boards. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2j. (id, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication." — Athenaum. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, dr. clotb. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington, 
" Contains a large amount of original matter, agreeably catcvvftiL**— Builder, 
'* Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of this unpretending but comprehensive treatise. *— ^ rt Journal, 
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AGRICULTURE, GARDENING, ETC. 
Yauatt and BurtCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
voliune, 860 pp. with 244 Illustrations, i/. i.r. half-bound. 
" The standard and text-book, with the fanner and grazier.* — Farmer' t Magugjnt, 
"A treatise which will remain a standard work on the subject as long as British 
agriculture endures."— J/ar^ Lane Express. 

History, Structure y and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, ^s. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Tradei Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Second 
Edition. i2mo, 4r. cloth boards. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — ^Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, izs, 
" There is sufficient stated within the limits of this treatise to prevent a fanner 
from going far wrong in any of his operations."— (?^**ro*r. 

Amateur Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c By R. Scott Burn. With numerous lUus. Fcp. 6j. d. 
"A complete introduction to the whole round of farming practice.'* — John Bull, 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming the Setting-out of Farms, 
Construction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. ScoTT Burn. 
Second Edition. i2mo, 3/. cloth. 
"A complete and coraivdienuve outline of the duties appertaining to the manage- 
ment of landed estates." — yaumal 0/ Forestry, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3^. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of "Outlines of Modem Farming," 
Editor of "The Complete Grazier," &c. With Illustrations. 
Consisting of the above Two Works in One vol., 6j. half-bound. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 

Agriculture, adapted to the Syllabus of the Science and Art 

Department. For Elementary and Advanced Students. By 

Hugh Clements (Board of Trade). With an Introduction by 

H. Kains- Jackson. i8mo, zr. 6t/. cloth. [Just published, 

** A dearly written description of the ordinary routine of English farm-life."— Z<Tm/. 

** A carefully written text-book of Agriculture." — Athetteeum. ^ 

"A most comprehensive volume, giving a mass of information." — Azricultural 

Kitchen Gardening. ZEcof^omuu 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By George M. F. Glenny. 
i2mo, 2J. cloth boards. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. i2mo, 4?. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, Jx. cloth. 
*' A very good book, and one to be highly recommended as a practical guide. 
The praotical directions are excellent" — Atherutum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce £^20 a year, by the Cultivation of Fruits 
and Vegetables 5 also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2s. cloth, 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower."— ^an^;^^ Magazine, 
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Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur*s Complete Guide. By Samuel Wood. Author 
of "Good Gardening," &c. With Illustrations. Crown 8vo, 
3^. dd. cloth. \Just publislied. 

Bulb Culture, 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening,*' etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3J. dd, cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2j. td. cloth. 

Tree Pruning. 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2j. 6rf. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., ^s. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM: A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, zs. cL 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : behig Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4^. 

Ewarfs Land Improver^s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4^. 

Complete Agricultural Survey of^s Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, wiSi strap, *js. 6d. 
" We consider Huds(m's book to be the best ready-reckoner on matters relating to 

^e valuation of land and crops we have ever seen, and its combipation with Mr. 

thwart's work greatly enhances the value and usefulness of the latter-mentioned .. 

It is most usefd as a manual for xt.Ux^t^z^.^'-'North 0/ England Farmer, 
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* A Complete Epitome of the Laws of this Country. * 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition, 
much enlarged. Corrected to the end of last Session. With 
Notes and References to the Authorities. Crown Svo, cloth, 
price, dr. Sd, (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, 
MERCANTILE AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, 
COUNTY COURT LAW, GAME AND FISHERY LAWS, POOR MEN*S 

LAW, THE LAWS OF 

Sbttlkmbnts— Stock Exchange Prac- 
TicB— Trade Marks and Patents — 
Trespass, Nuisances, etc. — ^Transfer 
OF Land, etc. — Warranty — Wills 
AND Agreements, btc. 



Bankruptcy— Bills of Exchange- 
Contracts AND Agreements — Copy- 
right— Dower AND Divorce — Elec- 
tions AND Registration — Insurance 
— Libel and Slander — Mortgages— 

Also Law for Landlord and Tenant — , — Friendly Societies — Clerj^ymen, Church- 
Master and Servant — Workmen and Ap- wardens — Medical Practitioners, &c. — 



Bankers — Farmers — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Dealers — 
Auctioneers, House-Agents— Innkeepers, 
&c. — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &c., &c 



prentices — Heirs, Devisees, and L^a- 

tees — Husband and Wife — Executors 

and Trustees — Guardian and Ward — 

Married Women and Infants — Partners 

and Agents — Lender and Borrower — 

Debtor and Creditor — Purchaser and 

Vendor — Companies and Associations 

** No Englishman ought to be without this book." — Engineer, 

*' What it professes to be — a complete epitome of the laws of this cotmtry, thoroughly 

intelligible to non-professional readers. The book b a handy one to have in readiness 

when some knotty point requires ready solution." — BelFs Life. 
" A useful and concise epitome of the law." — Law Magazine, 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C NoRRis. Royal 32mo, cloth, 5x, 
" A concise book of reference, containing a clearly- arranged list of prices for 
inventories, a practical guide to determine the value of furniture, &.c**'—Steutdard, 

A uctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES, 
By Robert Squibbs, Auctioneer. Demy Svo, iolt. 6rf. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, y, 6d. cloth. 

"We are glad to be able to recommend it." — Builder, 
•* The advice is thoroughly practical. "~-Za«; JoumaL 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West^ 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses^ 
&c. By Edward and A. L. Ryde. Svo, I2j. td, [Just published. 

Bradlmry, Agnew, 9c, Co., Printers, WKitefriart, Lcitdon. 
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" WEALE'S SERIES includes Teit-Books on almost every branch ot 
i and Industry, coroptising such subjects as Agriculture, ArcbiteCtOTO 
and Buildmg, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 

• •" ■"" 'n scientific research, are constantly 

M are as low as their eicellenca is 
assured."— ^m<Hca» Literary Gatclte, 

" Amongst the literature of technical education, Wealb's Series has ever 
enjoyed a high reputation, and the additions being made by Messrs, CROSBY 
LocKWOOD & Co. render the series even more complete, and bring the ir'~ 

1 upon the several subjects down to the present time." — Afi; 
Journal. 

a Impossible to do othemise than bear testimony to the value o[ 
Wbalk's Si,%ms."— Engineer. 

" Everybody— even that outrageous nuisance ' Every Schoolboy ' — knows 

le merits of ' Weale's Rudimentarv Series.' Any persons wishing tr 

acquire Icnowledge cannot do better than look through Weale's Series ani 

get all the books they require. The Series is indeed an ineihai;stible mini 

of literary wealth." — Tht Melrajiolilati. 

" WEALE'S SEK1E5 has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Publie Opinion. 
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X,'8 BITDIKEirTABT SCIENTIFIC SERIES. 



\* The volumes of this Series are fr«elv Illustrated with 
Woodcnte, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; Sui ike volumes marked 
with a X may aUo be had strongly bound in cloth boards for 6d. 
extra, 

N,B. — In 'ordering from this List it is recommended^ as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes , as well as the titles and prices. 



No. ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE—ORDERS—Th^ Orders and their iEsthetic 

Principles. By W. H. Leeds. Illustrated, xs. 6d. 

17. ARCHlTECTURE-^STYLES^Tht History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated. 2s. 
%* Ordbks and Styles of Architbcturs, in One Vol^ jx. 6d, 

18. ARCHITECTURE--DESIGN—rh^ Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. ByE.L.GARBBrr, Architect. Illustrated. 2s.6d. 

%* The three preceding IVorhs, in One handsome Vol,, half bound, entitled 

" Modern Architecture," price 6s, 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building. Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, m.% 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.K.LB.A. With Additions by C Tomlinson, F.R.S. Illustrated, 3s. t 

25. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their apijlication to 
the Construction of Curved Wing- Walls, Domes, Oblique Bridges, and 
Roman and Gothic Vaulting, are concisely ezpladned. By Edward Dobson, 
M.R.I.B.A., 8ic. Illustrated with Plates and Diagrams. 2s. 6d.^ 

44. FOUNDATIONS AND CONCRETE W^OieiKS, a Rudimentary 

Treatise on ; containing a Sjmopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B£ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fourth Ecution, revised by 
George Dodd, C.E. Illustrated, zs. 6d. ' 

42. COTTAGE BUILDING, By C. Brucb Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, zs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Eleventh Edition, zs. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, 8ic. By Charles Tomlinson, F.R.S., &c. Illustrated. 33. 

S3*». CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tou- 
UNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.CE. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, 6*^. ; Experimental Essays 
on the Principles of Construction in ; made with a view to their being usenil 
to Uie Practical Builder. By William Bland. Illustrated, zs. 6d. 

The t indicates that these vols, may be had strongly bound at 6d, extra. 
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Architecture, Building, etc., continued, 

ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of theJArchitect and 
Builder. By T. Roger Smith, M.K J.B.A., Architect. Illustrated, zs. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, zs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, zs. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates, tfi, 

130. GRECIAN ARCHITECTURE, An Injquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, zs. 
%• The two preceding Works in One handsome VoL^ half bounds entitled "A»clXKr 

Architecture," price 6s. 
z6, Z7, z8, Z28, and Z30, in One Vol., entitled ** Ancient and Modern Architbc- 

TURE," half doundf t2S, 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. • Illustrated by a Perspective View, Plans^ Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and £sti« 
mates, and every requisite detail, in sequence, for uieir Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 

Take them in Bricklayers', Masons', Plasterers*, Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', .Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. lUus. zs. 6d. 

175. LOCKWOOD <Sr- CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK^for z88x, conUinin^ the latest Prices of all kinds of Builders* 
Materials and Labour, and of all 1 rades connected ^th Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— -Tub: Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by £. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.$ 

182*. CARPENTRY AND JOINERY ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6t. 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillauub, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9^ Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. ^ By Ellis A. 
Davidson. Third Edition, carefully revised. 5s. cloth limp ; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawine, Cutting, and Setfing ; 
Pointing; Paving, Tiling, Materials; Slating ana Plastering; Practical 
Geometry, Mensuration, 8cc. By Adam Hammond. Illustrated, zs. 6d. 

191. PL UMBING, A Text-Book to the Practice of the Art or Crafl of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Second Edition^ enlarged. Containing 300 Illustrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.^ 

The X indicates that these vols, may be had strongly bound at 6d, extra, 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 
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Architecture, Building, etc., continued, 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE ; comorislnsr copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Granoy. 
Second Edition, Revised, ts.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 

T. G. Badbnoch. Illustrated with la full-page EngraTings of Examples, xs. 

206. A BOOK ON BUILDING, CivU and Ecclesiastical, including 

Church Rbstoration. With the Theonr of Domes and the Ghreat Pyramid, 
ftc. By Sir Edmumo Bbckbtt, Bart., LL.D., Q.C, F.R.A.S. Second Edition, 
enlarged, 4s. 6d4 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydraulic Enginkkring by Geo. R. Burnbll, 
M.Inst.C.E. Sixth Edition, revised, with Large Additions on Rbcsnt 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of" Tramways: Their Construction," &c. 6s. 6d., Cloth boards, 7s. 6d. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdalb Dbmpsby, C.E. [New Edition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dbmpsby, C.E. \Nem Edition in preparation. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By John 

George Swindell, A.R.I.B.A. New Edition, by G. R. Bdrnbll, C.£. zs.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. Witlb Remarks on the Blowing up of Bridg^es. 
By Gren. Sir John Burgoynb, Bart., K.C.B. Illustrated, zs. od. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science oL By Sir M. Stephenson, C.E. New Edition, 

• by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 

Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 

8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embaniunents, &c. By J. Wiggins, I\G.S. ss. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4S.4: 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fbnwicr. Also the Method of Conducting 
Subterraneous Survejrs without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2S. 6d4 

118. CIVIL ENGINEERING IN NOR fH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS [THE CONSTRUCTION OF), 
in two Parts: I. The Art of Constructing Common Roads, by Henry 
Law,C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Recent 
Practice, including pavements of^ Stone, Wood, and Asphalte. Second 
Edition, revised, by D. K. Cla^k, M.I.C.E. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — x. Some of the more Common Forms oi 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rurai Sanitary Authorities, Health 
Officers, Engineers, Surveyors, &c. By Charles Slagg, A.I.C.E. ss* 6d4 , 

212. THE CONSTRUCTION OF GAS- WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t [Jusipublisked. 

213. PIONEER ENGINEERING. A Treatise on the Engmeering 
, Operations connected with the Settlement -of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6A.X 

The t indicates that these vols* may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 



WEALE*S RUDIMENTARY SERIES. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., 8ec. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By Dr. 

Lardnbr. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Bbckbtt (late Edmund Bbckbtt Dbnison), LL.D.. Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), wioi very 

numerous Illustrations. 4s. 6d. cloth limp : 5 s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S^ 8ec. New Edition, Illustrated. 2S.J 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Bakbr. C.E. With Remarks on Tools and Machinery, by 

J. Nasmyth, C.E. Plates. 2s. 6d.t 
14. .^C4Cfl7iV^i2K, Elementary Principles of, in its Construction and 

Working. By C. D. Abel, C.E. is. 6d. 
39. THE STEAM ENGINE, a Treatise on the Matiiematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. zs. 6d. 
62. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. '.With copious Receipts, 8cc. By Walter Graham. 7m.X 

64. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByLG. Winton. Illustrated. 3S.^ 

65. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d.t 

66. POWER IN MOTION: Horse-Power, Tootiied-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.t 

67. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
71. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
90. STEAM AND THE STEAM ENGINE, Stationaiy and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.'* 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 

200. Fuel, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c.— by D. K. 
Clark, M.I.C.E. 2nd Edition. xs.6A.t 
202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions treating of the Modem Locomotive, by D. KinneAr Clark, 
M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. zoo Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 3s.t [Just published, 

217. SEWING MACHINERY, being a Practical Manual of the 

Sewing Machine ; comprising its History and Details of its Construction, 
with full Technical Directions for the Adjusting of Sewing Machines. By 
J. W. Urquhart, C.E. 2s.t \ Just published, 

223. MECHANICAL ENGINEERING, A Practical Treatise on. 

Comprising Metallurgy, Mouldinpr, Casting^ Forging, Tools, Workshop 
Machine^, Mechanical Manipulation, Manufacture of the Steam Engine, 
&c. By Francis Campin, C.E. 2s. 6d.t [Just published. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudimcnte of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Nayal Construction. Compiled for ue Use of Beginners. By 
JAMBS Pbaxb, School of Naval Architecture^ H.M. Dockyard, Portsmouth, 
'ourfh Edition, corrected, with Plates and Diagrams. 3s. 6d.$ 
S3*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
FBLDT, Suryeyor of the Royal Norwegian Navy. With an Appendix, xs. 6d. 
53**. AN ATLAS OF ENGRA VINGS to Illnslrate the above. Twelve 
larce folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards ofthe Rojral Navy. By Robbrt 
KiPPiNO, N.A. Fourteenth Edition. Illustrated. 2s4 
54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. | By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54««. AN ATLAS OF FORTY PLATES to lUustrate the aboTe. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^* " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., 8cc. 4to, boards. 38s. 

55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it otL Part II. On 
Finding the Latitude and Longitude. By Jambs Grbbnwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Grreat Circle 
Sailing ; the International (Commercial) Code of Signsils ; the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Sa^'ing Life ; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlariged 
edition. J^y W. H. Kossbr. 2s. 6d.t 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Toother with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 3s4 
835ij. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and M(Mels.xs.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Belfast College. Illustrated, as. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
Young, xs. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. CoTSKLL, N.A. is. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, 8cc., 8rc. 
Eleventh Edition, enlarged, with an Appendix. By Robbrt Kipping, N.A., 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d4 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Enginkbr. Revised by D. 

F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

& Sea-Book. By James Grbenwood and W. H. Rossbr. Toother with 

^-. . the requisite Mathematical and Nautical Tables for the Working of the 

*"4« Problems. Bjr Hbnry Law, C.E., and J. R. Young, formerly Professor of 

Mathematics in Belfast College. Illustrated with numerous Wood Engrav- 

ings and Coloured Plates. 7s. Strongly half-bound in leather. 

The X indicates thai these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC- 

1. CHEMISTRY^ for the Use of Beginners. By Professor Geo&ob 

FowNBs, F.R.S. With an Appendix on the Application of Chemistiy to 
Asriculture. zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
Kind's College School, London. Woodcuts, zs. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates, js.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

pNOsitien of the General Principles of Mechanical Sciencoi and their Applica- 
tions. By Charles Toulinson. Illustrated, zs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the puxposes to which it has been applieo. By Sir W. Snow 
Harris, F.R.S., &c. With Additions hy R. Sarins, C.E., F.S.A. zs. 6d. 
7*. GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabinb, C.E., F.S A. zs. 6d. 

8. MAGNETISM ; being a concise Exposition of the Greneral Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., 8cc. With Z65 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

With Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginneis. By Cha&lb8 

ToMUNSON. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^'*'^. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, zs. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts, zs. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. zs. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL jraLEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt., Indian Gov. Telegraphs. 3S.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of theModem Theory of Dew. Woodcuts, zs. 

173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,8cc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partiy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., 8ec. Woodcuts, ss. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

Z74. Geology." By Ralph Tate, A.L.S., F.G.S., 8ec. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 

College, Loud. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 



184. 



• « 



Sold also in Two Parh^ as follows : — 



Z83. Animal Physics. By Dr. Lardner. Part I., Chapters I. — VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII. — iVlII. 3s. 



TAe % indicaies that these vols, may be had strongly hound at 6d, extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 



8 \V£ALE*S RUDIMSNTARY SERIES. 

MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise oik with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Dlustrated. as. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By £>r. 
R. H. Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

AKDBR Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, ftc. Woodcuts, js.t 
172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
172* MINING TOOLS, ATLAS of Engravings to Illostrate the above, 

containing 235 Illustrations, drawn to Scale. Ato. 4s* 6d. ; cloth boards, 6s. 
176. METALLURGY OF IRON, Containing History of IroYi Manu- 
facture, Methods of Assay, and Analjrses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Baubrman, F.O.S. 4th Edition. 4s. 6d.t 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t \^Jusi published. 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
FLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By Wiluam Lintbrn, Mining and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE ^£/'i4iei?r/A^C?, ScientiEc, Practical, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. \%,X 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 

tions for the Alloying and Working of Gold, including the Art of Alloying', 
Melting, Reducing, Colouring, Collecting, and Refining; Chemical and 
Physical Properties of Gold ; with a New System of Mixing its Allo^ ; 
Solders, Enamels, &c. Bv George E. Gee, Goldsmith ana Silversmith. 
Second Edition, consideraoly enlarged. 3s.t [Just published. 

THE SILVERSMITHS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George £. Gee. \%,X 
220. MAGNETIC SURVkYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By Wiluam Lintbrn, 
Mining and Civil Engrineer and Surveyor, as. \Jusi published, 

FIN£I ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

f Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2s. 
40 GLASS STAINING; or. The Art of Painting on Glass. From 
& the Grerman of Dr. Gessert. With an Appendix on The Art of Enambl- 
^1^ UNO, 8x. ; together with The Art of Painting on Glass. From the 
^ ' Grerman of Emanuel Otto Froisbbrg. In One Volume. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing tiie. Witii numerous Exer- 
cises & Lessons. From the Best Masters, by Charles Child Spencer, is. 6d. 

181, PAINTING POPULARLY EXPLAINED, includmg Fresco, 

Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Pamting on Ivory, Vellum. Potter3% Enamel, (jlass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fourth Edition, revised anaenlarged. 53.^ 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. Bv George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, 8cc. 3S.t 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON: CROSBY LOCKWOOD AND CO., 



weale's rudimentary series. 



AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 
G. Drysdalb Dkmpsby, C.£. [New Ediiiott in preparaium, 

66. CLAY LANDS es' LOAMY SOILS, By Prof. Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 

from One Bushel to One Hundred Quarters, at any given price, from ,^1 to 

^perQr. With approximate values of Millstones, Mill work, &c. xs. 

14a SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 
Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines op Modern Farming.) By R. Scott Burn. ^s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

OuTUNES OF Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OP Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outunes of Modern 

Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

\* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled '* Outlines of 

Modern Farming." By Robert Scott Burn. Price X2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Brbuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, 8cc. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the management of them all 
the year round. By George M.F.Glbnny, Author of "Floriculture,"&c. xs.6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zaiiou of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Sj^ecialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. 2s. 6d.; [Just publtshed. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t 
•»• Nos. 207 &» 208 t'n One Vb/,, handsomely half-bound, entitled " Outlines op 
Landed Estates and Farm Management." By R. Scott Burn. Price 6*. 

209. THE TREE PLANTER AND PLANT PROPAGATOR: 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c., Useful Implements, 
Houses, Pits, &c. By Samuel Wood. 2s.t [J ttst Published, 

2X0. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation ; also 

treating of the Pruning of Shrubs, Climbers and Flowering Plants. By 

Samuel Wood. 2%.X \^Just published. 

\* Nos, 209 6r* zio in One Vol., hatidsontely half-bound, entitled ^^'^'ox, Tree 

Planter, Propagator and Pruner." By Samuel Wood. Price 5^. 

219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, Sec, 
forming a complete Calculator and Ready-Reckoner, especially adapted to 
persons connected with Agriculture. Third Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By the late Prof. John Donaldson. With Additions by 
R. Scott Burn, ^'econd Edition. 3s. 6d.t [Just published. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, HJDGATE HILL, E.C. 




lo wsalb's rudimentary series. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 
32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

:, and Usinf them 
».. wa Mie Royal Military 
, . Illuttrated. ii. 6d. 

\* In ordering the abev^, be careful io tay^ ** Original Edition ** {No. 32), U disiin- 
guisk it from the Bnuirged Edition in 3 vols. {Nm, X68-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all tbe Modern Improvements. Arranged for the Use of .Schools and 
Private Stndents ; also tor Practical Land Surreyors and Engineers. By 
T. Bakbr. C.E. New Edition, revised by Edward Nuobnt, C.E. Illus- 
trated with Plates and Diagrams, ss.t 

ei: READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arm an, Schoolmaster) Thurleigh, Beds. To which 
is added a Table^ showing the ^ce of Work, nt>m as. 6d. \o£x per acre, and 
Tables for the Valuation of Land, from is. to ;fx, 000 per acre, and from one 
pole to two thousand acres in extent, 8tc., &c. xs. 6d. 

76. DESCRIPTIVE GEOMETR K, an Elementary Treatise on ; 
with a Theory of Shadows and of Persp«ctive, extracted from the French of 
G. MONGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Hbathbr, M.A* Illustrated with 14 Plates, as. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Greometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts, as. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

S'lving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. Hbathbr, M.A. [/m preparation* 

*»* The above three volumes will form a Complbte Elbmbntary Course of 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and Grerman. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Indexi xs. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, ttMeether 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. K.. You no. xs. 6d. 

85. EQUA TIONAL ARITHMETIC, apphed to Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

^ which all Calculations may be greatly facilitated. By W. Hipsley. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Proolems in 
various psurts of Algebra. 2s. 
86». A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc« 
tion. By J. R.Young, xs. 6d. 
88. EUCLID, The Elements of : with many additional Propositions 

$Q and Explanatory Notes : to which is prefixed, an Introductory Essay on 
^* Logic. By Henry Law, C.E. as. 6d4 

•»♦ Sold also separately, viz, .•— * 

88. EucUD, The First Three Books. By Henry Law, C.E. xs. 6d. 

89. EucuD, Books 4, 5, 6, xx, xa. By Henry Law, C.E. xs. 6d. 



The ± indicates that these vols, may be had strongly bound at 6d, exiru. 
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WEALE'S rudimentary series. II 



Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rndimentaxy Treatise on. By Jambs Hann, late Mathematical Master of 
Kings's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, zs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. xs. 
••• Or with " The Elements 0/ Plane Trigonometry," in One Volume, m. 6d. * 

93. MENSURATION AND MEASURING, for Students and Ptac- 

tical Use. With the Mensuration and Levelling of Land for the Pnrposes ot 
Modem Engineering. By T. Bakbr, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, zs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, xs. 

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.R.A.S^ &c. xs. 6d. • 

105. MNEMONICAL LESSOiVS. — Gkoubtry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. xs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By Jambs Haddon, MA. Revised by Abraham Arman. 
xs. 6d. 

Z37. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

tng— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. > 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of the Royal 
Military Academy. Woolwich, Author of *' Descriptive (jcometry," 8tc., &c. 
Illustrated, xs. 6a. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Hbather, M.A. Illustrated, xs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Includinjg^ — ^I. Instruments Used for Determining the Geometrical Features 

of a portion of Ground. II. Instruments Employed in Astronomical Observa* 

tions. By J. F. Heather, M.A. Illustrated, xs. 6d. 

%* TMe above three volumes form an enlargement of the Author's original worh, 

" Mathematical Instruments: their Construction, A.djustment,Testing,andUset 

the Thirieenth Edition of which is on sale, price zs. 6d. {See No, 32 in the Series.) 

r(A.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

X69. Y M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
z7o.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracv. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 2s. 6a.% 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, 8u:., &c. ; Unequal-sided, Square-sided, Octa^nal- 
sided, Round Timber and Stone, ana Standing Timber. With a Table 
showing the soli^ty of hewn or eight-sided timber, or of anv octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES', with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, 8cc. By F^DOR Thom an. 4S.t 

The X indicates that these vols, may be had strongly bcundat 6d, extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Arithmetic, Geometry, Mathematics, etc., cmtimud, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methodj of Perfonning the various Arithmetical OperatioiM required in 
Commercial and Business Transactions ; together with Full Ea^laoatioiM of 
Decimals and Duodecimals, several Use^ Tables, &c. By Danize. 
0*GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. K. Young, 
formerly Professor of Mathematics in Belfast College. 3s.| 

204. MATHEMATICAL r.4^Z^5, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formeriy Profisssor of Mathe- 
matics in Belfast Coll^:e. New Edition, js. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analvsis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F..S.S. Sixth Edition, 
carefully revised and enlarged. 2s4 [Jiat publisMsd* 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjK- 
OLOGY, the FINE ARTS, &^. By TohnWbalb. Fifth Edition. Revised 
by RoBBRT Hunt, F.R.S., Keeper of Mining Records. Numerous IUas> 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES, By David Gibbons. Third Edition, enlarged, js.t 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency, as.t 

112*. MANAGEMENT OF HEALTH A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. zs. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By Francis Playford, Sworn Broker, zs. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Eicmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emi^ation. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useftil to the 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLL YS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. is.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Manas^ement, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardenmg Operations, &c. By An Old Housbkbbpbr. 3s. 6d.^ 

194. HOUSE BOOK (Thg). Comprising :— I. The House Manager. 

112. Bv an Old Housbkbbpbr. IL Domestic MBDiaNE. By Ralph Gooding, 
0. M.D. III. Managbubnt op Health. By Jambs Baird. Ic One Vol., 

^ ^ strongly half-bound. 6s. 
112*. * 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages, &c. With 57 
Illustrations. By James W. Burobss. 2s. o<i.t [Just published. 

The X t'ttdicates thai thete vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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EDUCATIOy AL AND CLASS ICAL SEBIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Ori8[in and Progress of the English Constitution. By 
WiLUAM Douglas Mamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4t1i Edition, revised. 5s. ; cloth hoards, 6s. 

5. Greece, Outlines of the History of ; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvibn, M.A., of Bsdliol 
College, Oxford. 25. 6d. ; cloth boards, 3s. 6d. 

7. Ronae, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, as. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continnation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. T By Hydx 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon. Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. zs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds.,^s.6d. 

48. Conaposition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbman. 
Z7th Edition, zs. 6d. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTMAH, F.R.A.S. Improved Edition, zs. 6d. 

51. The Art of Extempore Speaking : Hmts for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, zs. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. zs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 

of Schools. 

Introductory Primer, 3*. 



s. d. 

First Standard . .06 
Sbcond ff . . o zo 

Tbikd „ ..10 



s. d. 
Fourth Standard ... 1 2 

Fifth „ * * * ^ < 

Sixth „ ...10 



Lbssons from thb Biblb. Part I. Old Testament, zs. .... , - , 

Lessons from thb Bible. Part II. New Testament, to which is added 

Thb Geography of thb Biblb, for very youne ChildrMi. By Rev. C 

Thornton Forstbr. zs. 2d. V Or the Two Parts in One Volume. 2s. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Stkauss, Ph.D. is. 6d. 

35. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, 8cc. By Alfrbd Elwbs. xs. 6d. 

26. Knglish French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

doth boards, 3s. 6d. %* Or with the Grammak, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, zs. 6d. 

GERMAN. . 

39. German Grammiar. Adapted for English Students, from 

Ueyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, zs. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. zs. 

4 x-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. a. Hamilton. In Three Parts. Part I. German-French-Engltsh. 
Part XL English-German-French. Part III. French-German -English. 
3s., or cloth boards, 4s. . , . , . , ^ 

41-43 Grerman Triglot Dictionary (as above), together with German 

^ ^g^ Grammar (No. 39), in One Volume, cloth boards, 5s, 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. zs. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwbs. 
Vol. z. Italian-Bnglish-French. ss. 6d. . ^ ,. , 

30. Italian Triglot Dictionary. By A. Elwes. VoL 2. 

English-French-Italian. 2s.6d. « . ^ ,• 1 

32. Italian Triglot Dictionary. By Alfred Elwes. vol 3. 

French-Italian-English, ss. 6d. . » ^ ,r 1 ^ z-j 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. M. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfrbd Elwbs. zs. 6d. 

35. Spanish-EngUsh and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 8cc., 
with the proper Accents and the Gender of every Noun. By Alfrbd Elwbs. 
4S. ; cloth boards, ss. *#• Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfrbd Elwbs. zs. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfrbd Elwes. 

[/« preparation, 

HEBREW. 

46*. Hebrew^ Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbmical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. %• Or with the Grammar, 7s. 

46. EngUsh and Hebrew Dictionary. By Dr. Brksslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, wuh 

46*. the Grammar, cloth boards, zss. 

LONDON : CROSBY LOCK WOOD AND CO., 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principlefs of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, zs. 

20. Latin-£nglish Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thobias Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. •.• Or with the Grammar, cloth boards, ss. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, xs. 6d. 

2. Caesaris Commentarii deBello GaJlico. Notes, and a Geographical - 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

Kcshy W. RusHTON, M.A., and on the Georgics by H. Young, xs. 6d. 

5. Virgilii Maronis -^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., tormerly Scholar of Brasenose 
College, Oxford. 3s. 

5* —— • Part X. Books i. — vi., is. 61. 

5»« «— __- Part 2, Books vii.— xii., 2s. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young. %s. 6d. 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. xs. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davibs, M.A. xs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentii Emiuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. xs. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction« Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, (Jxford. 
IS. 6d. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownricg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.a1 Part X. Books i., ii., xs. 6d. 
j6*. — — Part 2. Books iii., iv., v., is. 6d. 

17. — - Part 3. Books zzi., zxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and 0>nd. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maxlmus Sueto- 
nius, Apuleius, 8u:. Notes by W. B. Donnb, M.A. «s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. ?s. 

7, stationers' hall COURT, LUDGATE hill, E.C. 



